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The Theory of Successive Development in the Scale of being 
both Animal and Vegetable^ from the earliest periods to our 
own time, as deduced from Palceontological evidence. 

The theory of successive geological development, so ge- 
nerally adopted by geologists, is clearly stated by Professor 
Sedgwick in his admirable Discourse on the Studies of Cam- 
bridge. ** There are traces," he says, " among the old 
deposits of the earth of an organic progression among the 
successive forms of life. They are to be seen in th# ab- 
sence of mammalia in the older, and their very rare appear- 
ance in the newer secondary groups; in ijie diffusion of 
warm-blooded quadrupeds (frequently of unknown genera) 
in the older tertiary system, and in their great abundance 
(and frequently of known genera) in the upper portions of 
the same series ; and lastly, in the recent appearance of 
man on the surface of the earth." (p. xliv.) " This historical 
development," continues the same author, " of the forms and 
functions of organic life during successive epochs seems to 
mark a gradual evolution of creative power, manifested by a 
gradual ascent towards a higher type of being." — Ibid. p. cliv. 
•* But the elevation of the fauna of successive periods was 
not made by transmutation, but by creative additions ; and 
it is by watching these additions that we get some insight 
into Nature's true historical progress, and learn that there 
was a time when Cephalopoda were the highest types of 
animal life, the primates of this world ; that Fishes next took 
the lead, then Reptiles ; and that during the secondary period 
they were anatomically raised far above any forms of the 
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2 The Successive Development Theory. 

reptile class now living in the world. Mammals were added 
next, until Nature became what she now is, by the addition 
of Man." — Ibid. p. ccxvi. 

Sir Charles Lyell, in his important Anniversary Address 
to the Geological Society, February 1851, rejects this theory : 
before, however, going into detail whether of fact or argu- 
ment on the question, he makes the following preliminary 
statement of the principal points which he expects to esta- 
blish in opposition to the development theory. 

First, in regard to fossil plants, it is natural that those 
less developed tribes which inhabit salt water, should be the 
oldest yet known in a fossil state, because the lowest strata 
which we have hitherto found happen to be marine, although 
the contemporaneous Silurian land may very probably have 
been inhabited by plants more highly organized. 

Secondly, the most ancient terrestrial flora with which we 
can be said to have any real acquaintance (the carboniferous) 
contains Coniferse, which are by no means of the lowest grad9 
in the phaenogamous class, and, according to many botanists 
of high authority. Palms, which are as highly organized as 
any members of the vegetable creation. 

Thirdly, in the secondary formations, from the triassic to 
the Purbeck inclusive, gymnosperms allied to Zamia and 
Cycas predominate ; but with these are associated some mo* 
nocotyledons or endogens, of species inferior to no ph»noga- 
mous plants in the perfection or complexity of their organs. 

Fourthly, in the strata from the cretaceous to the upper- 
most tertiary inclusive, all the principal classes of living 
plants occur, including the dicotyledonous angiosperms of 
Brongniart. During this vast lapse of time four or five com- 
plete changes of species took place, yet no step whatever 
was made in advance at any one of these periods by the addi- 
tion of more highly organized plants. 

Fifthly, in r^ard to the animal kingdom, the lowest 
Silurian strata contain highly developed representatives q( 
the three great divisions of radiata, articulata, and moUusca, 
shewing that the marine invertebrate animals were as perfect 
then as in the existing seas. They also comprise some indir 
cations of fish, the scarcity of which in a fossil state, us well 
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The Successive Oevelopmeni Theory. 9 

us the abwnoi^ of Qetecea, does not appear wejcpliq^ble to 
the present unperfect state of our investigations, when we 
consider the corresponding rarity and sometimes th^ absenpQ 
of tbe like remains observed in dredging the beds of existin]^ 
seas, 

SwMy^ the upper Silurian group contains amongst it9 
fossil fish eestraciont sharks, than which no ichthyic type i9 
more elevated. 

Seventhly, in the carboniferous fauna there have been re- 
cently discovered several skeletons of reptiles of by np mean? 
a low or simple organization, and in the Permian there are 
saurians of as high a grade as any now ej^isting, while the 
absence of terrestrial mammalia in the palaeozoic rocks 
generally may admit of the same explanation as our ig- 
norance of most of the insects and all the pulmonifeix)n9 
moUusca, as well as of Helices and other land shells of the 
same era. 

JEi^hMyy the fish and reptiles of the secondary rooks 9^e 
as fully developed in their organization as those now living. 
The birds are represented by numerous foot-prints and copro- 
lites in the Trias of New England, and by a few bones not 
yet generically determined, from Stonesfield and the English 
Wealden. 

Ninthly^ the land quadrupeds of the secondary period are 
limited to two genera, occurring in the inferior oolite gf 
Stonesfield ; the cetacea by one specimen from the Kimme- 
ridge clay, the true position of which requires further inquiry, 
while an indication of another is afforded by a cetacean 
parasite in the chalk. But we have yet to learn whether in 
the secondary periods there was really a scarcity of mam- 
malia (such as may b^'Ve arisen from an extraordinary pre- 
dominance of reptiles, aquatic and terrestrial, discharging 
the same functions), or whether it be simply apparent and 
referable to the small progress made as yet in collecting the 
remains of the inhabitants of the land and rivers, since we 
haye hitherto discovered but few freshwater, and no land 
mollnscib in rocks of the same age. 

T^nthly, in regard to the palsBontology of the tertiary 
periods, ther^ seems every reason to believe that the orders 

a2 



Digiti 



zed by Google 



4 Objections to the Successive Development Theory. 

of the mammalia were as well represented as now, and by 
species as highly organized ; whether we turn to the Lower, 
or to the Middle, or to the Upper Eocene periods, or to the 
Miocene or Pliocene ; so that during five or more changes, 
in this the highest class of vertebrata, not a single step was 
made in advance, tending to fill up the chasm which sepa- 
rates the most highly gifted of the inferior animals and man. 

Eleventhly^ the geological proofs that the human species 
was created after the zoological changes above enumerated 
are very strong. It even appears that man came later upon 
the earth than the larger proportion of the animals and plants 
which are now his contemporaries. Yet, for reasons above 
stated, had the date of his origin been earlier by several 
periods, the event would have constituted neither a greater 
nor a less innovation, on the previously established state of 
the animate world. In other words, there are no palaeonto- 
logical grounds for believing that the mammiferous fauna 
after being slowly developed for ages had just reached its 
culminating point, and made its nearest approach in organi- 
zation, instinct, and other attributes, to the human type, 
when the progressive intellect and the rational and moral 
nature of man became for the first time connected with the 
terrestrial system. 

The question then which Sir Charles proposes to test by the 
recent discoveries of geology and palaeontology is this : — 

Firsty whether in the animal kingdom the cephalopod, fish, 
reptile, bird, and warm-blooded quadruped made their ap- 
pearance upon the earth, one after the other, — ^the Orthoceras 
occurring in the oldest Silurian strata, the fish in the upper 
Silurian and Devonian, the reptile in the carboniferous, the 
bird in the triassic, the earliest quadrupedal mammifer in the 
oolitic, and the first quadrumanous mammal in the tertiary, 
and lastly, man in the post-tertiary era ; — a series, if esta^ 
blished, which would seem almost irresistibly to lead us to 
the inference that a gradual advance towards a more perfect 
organization, or at least to an organization more and more re- 
sembling that of man, was intimately connected with geologi- 
cal chronology, the creation of the human species constituting 
the last term in a regular series of organic developments. 
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Silurian Fossils. 6 

Secondly, whether the position of the fossil remains of plants 
in the earth's strata is such as to lead us to believe, that a 
cryptogamic flora preceded one consisting of flowering plants, 
and that the less perfect of the phanerogamic orders were 
created before the more perfect, and that the most varied 
and complex floras were last in historical succession. 

Our ejBFoi'ts to arrive at sound theoretical views on this 
important question may accelerate the future progress of 
discovery by directing the collectors of fossils to points 
where we stand most in need of information, or by stimulat- 
ing another class of investigators to dredge the bottoms of 
lakes and seas, in order to teach us what are the laws now 
governing the imbedding of the remains of living plants and 
animals in newly-deposited sediment. 

Sir C. Lyell now inquires, in the following pages from his 
Anniversary Address, whether, when the fossils of the animal 
kingdom are arranged by the geologist in a chronological 
series, they imply that beings of more highly developed struc- 
ture and greater intelligence entered upon the earth at suc- 
cessive periods, those of the simplest organization being the 
first created, those more highly organized being the last. 

Silunan Fossils. 

It may be affirmed, he says, that the knowledge acquired of 
late years of the Silurian fauna reduces at once the theory of 
successive development within very narrow limits ; for we dis- 
cover even in the lower Silurian, a full representation of the 
Badiata, MoUusca, and Articulata proper to the sea ; and 
regarding it as a marine fauna confined to those three classes, 
it might almost seem to imply a more perfect development 
than that which peoples the ocean of our own times. Thus 
in the great division of Kadiata, we find asteroid and helian- 
thoid zoophytes, besides crinoid and cystidean echinoderms. 
In the MoUnsca, M. Barrande enumerates, in Bohemia alone, 
the astonishing number of 250 species of cephalopoda. In 
the Articulata we have the crustaceans represented by more 
than 200 species of trilobites, not to mention other genera. 

The remains of fish, hitherto referred to lower Silurian 
rocks, have proved on closer investigation to be spurious. 
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those of the Wenlock and Caradoc groups in England having 
been found to be portions of zoophjrtes or crustaceans, or 
bystideati plates, and the ichthyolites, supposed to be of like 
antiquity'in the United States, being noW ascribed by some 
geologists to the upper Silurian, by others to the Devonian 
era. Nevertheless, in the Bala limestone in Wales, an un- 
doubted member of the lower Silurian, our Government Sur- 
veyors have met with coprolites, which when analyzed yielded 
between 30 and 40 per cent, of phosphate of lime, ahd bear 
witness to the existence of Vertebrata in the most ancient 
Beas. Professor John Philips, in his memoir on the Malvern 
Hills and the palsfeozoic districts of Abberly and Woolhope, 
observes, that, on Comparing the fossils of the lower with 
the upper Silurian groups, he could discover no signs what- 
ever that the lapse of time had produced any improvement 
or development in organic forms.* 

In the upper Silurian, We find, in addition to all the genera 
of the invertebrate classes before enumerated, placoid fish, 
some of which Agassiz refers to the cestraciont shafks, a 
family still existing in the Australian seas, and which Prof. 
Owen places at the top of the highest of eleven orders of 
fishes, ranged in an ascending scale of organization. 

The marine character of the Silurian rocks of Europe and 
North America is sustained even in India by strata of the 
same age, as appears from the late investigations of Captain 
Strachey, who has obtained from them a fine series of fossils 
from the northern slope of the Himalaya mountains, more 
than 200 miles north-west of Cashmere. Having therefore 
Ibs yet only discovered the deep-sea formations of this remote 
period, we know nothing of the contemporaneous terrestrial 
fauna. It is but lately indeed that our surveyors in Shrop- 
shire have determined that land did exist at that period, and 
have begun to trace out the boundaries of the shores of a 
Silurian sea. 

In these most ancient of fossiliferous strata, I can neither 
discern any signs of the dawn of organic life, or of an im- 
mature and incipient condition of the animate creation, and 

* Mem. of Geol. SutVey of Great Britain, 1848, vol. ii., p. 76. 
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No Dawn of Organk Life in the Silurians. 7 

ai little proof of a restless and chaotic state of the planet, 
as if earthquakes were more frequent and violent, or the 
wares loftier, or the marine currents swifter than at pre- 
sent. The corals and crinoids imply pure, clear, and many 
of them tranquil water, the pebbles are not larger than 
those of succeeding epochs, and the ripple-marked sands at 
the bottom of the series, as seen for example in the Potsdam 
sandstone of Vermont, precisely resemble those of a modem 
beach. <rhe doctrine of intermittent paroxysms, with long 
intervening periods of repose, is certainly preferable to a 
theory of chronic turbulence, for those who despair of ex- 
plaining all ancient disturbances of the earth's crust by the 
cumulative effect of prolonged movements, or the indefinite 
repetition of shocks of minor violence. But I must refer 
you for my views on this subject to my Anniversary Address 
of last year. 

Some eminent naturalists have assumed that the earliest 
fauna was exclusively marine, because we have not yet found 
a single Silurian helix, insect, bird, or terrestrial reptile or 
mammifer. But if any one wishes to convince himself of 
the rashness and unsoundness of such generalizations, he 
need only study the results of a recent dredging expedition, 
eonducted by Prof. E. Forbes, not in seas of considerable 
depth and somewhat remote from land, like those in which 
the greater part of the Silurian strata were deposited, but 
near our coast. 

I allude to the observations laid before the British As* 
sociation, at Edinburgh, in 1850, by Messrs Forbes and 
MacAndrew, who, in the summer of that year, explored the 
bed of the British seas from the Isle of Portland to the 
Land's End, and thence again to Shetland. They have re- 
corded and tabulated the numbers of the various organic 
bodies, obtained by them in 140 distinct dredgings, made at 
different distances from the shore, varying from a quarter 
of a mile to forty miles. The list of marine invertebrate 
animals, both radiata, moUusca, and articulata, is by no 
means inconsiderable, but very few traces of any vertebrate 
animal were found. When these occurred (in five or six 
cases only) they were limited to fish, consisting of a few 
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ear-bones, as in the Crag, and of small vertebr©. No ceta- 
ceans were met with, no relics of terrestrial mammals^ 
although at some points they approached near to the shore 
so as to dredge up a few fragments of wood. In two or three 
instances only were any articles of human manufacture, 
such as a glass bottle, fished up. If reliance could be placed 
on negative evidence, we might deduce from such facts, that 
no cetacea existed in the sea, and no reptiles, birds, or quad- 
rupeds on the neighbouring land. # 

Coal-Formation Fossils, 

One solitary helix, which had been carried out to sea by 
a hermit crab, was brought up from a depth of six fathoms ; 
but no freshwater moUusca were obtained, probably because 
their shells are in general very fragile. 

The absence even in the coal-measures of land-shells is a 
singular and, if I mistake not, significant fact. The known 
living species of the genera Helix, Cyclostoma, Bulimus, 
Achatina, Pupa, and Glausilia exceed 2000 in number ; and 
not one of these genera, nor any of the pulmoniferous mol- 
lusca, siich as Lymneus, Planorbis, Physa, &c., have as yet 
been detected in any one of the primary strata from the 
Silurian to the Permian inclusive. Yet no one who reflects 
on the great number of palaeozoic marine shells, and the 
extent to which they can be arranged under the genera or 
families established for the classification of recent testacea, 
can reasonably doubt that the lands of those periods were 
also inhabited by mollusca. 

Some few shells of the coal-measures have been referred 
to the genus Unio, and others to an annelid allied to Spi- 
rorbis, and called Microconchus, probably an inhabitant of 
brackish water. That other land and freshwater shells 
should be so rare as hitherto to have escaped detection sur- 
prises me the less when I remember how diligently I searched 
in vain in the alluvial strata laid open in the delta of the 
Mississippi at low-water for similar remains. In some of 
the ancient fluviatile mud of the valley of the Mississippi, 
which I have compared to the loess of the Rhine, land and 
freshwater shells of existing species abound, but they must 
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be extremely scarce, in the low region of cypress-swampfi, 
near the sea, where we behold conditions, more nearly re- 
sembling those which must have prevailed when the ancient 
coal-measures were formed. 

Already some light has been thrown on the Articulata of 
the carboniferous period, some Arachnidse having been pro- 
cured from strata of this age. Two species of Coleoptera 
of the Linnaean genus Curculio, a neuropterous insect re- 
sembling a Corydalis, and another of the same order related 
to the Phasmidae, have been met with in the iron-stone of 
one coal-field, that of Coalbrook Dale. As an example of 
the insectivorous arachnidans, I may mention the Scorpion 
of the Bohemian coal, figured by Count Sternberg, in which 
even the eyes, skin, and minute hairs were preserved.* We 
need not despair, therefore, of obtaining eventually fossil re- 
presentatives of all the principal orders of hexapods and 
arachnidans, although the species found in the coal may 
never constitute a thousandth part of those which inhabited 
the earth at the era in question. 

The inference of Professor Heer, that insects were very 
rare at that period, owing to the scarcity of flowers in those 
forests in which Ferns, Lycopodia, and Equiseta predomi- 
nated, does not appear to me legitimate ; nor can I agree with 
him in thinking it probable that lepidopterous insects were 
first created in the tertiary period, merely because the only 
well-determined^ specimens of that order yet known to 
palaeontologists have come from tertiary strata.t I have 
myself found the elytra of beetles both in peat and shell- 
marl in Scotland, as well as in the pleistocene freshwater 
beds of the Norfolk cliffs at Mundesley, but I have never 
seen a single moth or butterfly in any recent deposits ; and 
if we were to search these for ages, could we expect to gain 
from them a much clearer knowledge of the 11,000 insects 
now living in Great Britain, than that which the coal- 
measures have aflbrded of the carboniferous insects ! 

When Agassiz described 152 species of ichthyolites from 

* Buckland, Bridgewater Treat, p. 409. 

t Heer, Quart. Journ. Geol. Soc, toI. vi., Part 2, p. 68. 
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the ooal, he found them to consist of 94 placoids belonging 
to the families of Shark and Bay, and 58 ganoids. One 
family of the latter he called "* sanriod fish," including the 
Megalichthys, Holoptychius, and others often of great size, 
and all predaceous. Although true fish, and not interme- 
diate between fish and reptiles, they seem undoubtedly to 
have been more highly organized than any living fish, re- 
minding us of the skeletcAS of true saurians by the close 
sutures of their cranial bones, their large conical teeth, 
striated longitudinally, and the articulations of the spinous 
processes with the vertebr®. Until very lately it was 
imagined by some geologists that this ichthyic type was 
the more highly developed, because it took the lead at the 
head of Nature before the class of reptiles had been created. 
For it was taken for granted that reptiles were first intro- 
duced into the earth in the Permian period, many palseonto^ 
legists considering that the limits of our knowledge of the 
existence of any class of animals in past time, coincided 
exactly with the date of its creation. 

At length, in the year 1844, M. Herman von Meyer de- 
scribed, under the name of jdpateon pedestris, the first skele- 
ton of a reptile from the coal-measures. He supposes this 
animal, found at Miinster-Appel, in Rhenish Bavaria, to be 
nearly related to the Salamanders. Three years later, in 
1847, Professor von Dechen discovered in large concretion- 
ary nodules of clay-ironstone, in the coal-field of Saarbriick, 
the skeletons of no less than three distinct species of air- 
breathing reptiles, which were figured and described by the 
late Professor Goldfuss, under the generic name of Arche- 
gosaurus. These valuable additions to the carboniferous 
fauna were procured at the village of Lebach, between 
Strasburg and Treves. The species of ichthyolites and 
coal-plants in the accompanying shales leave no doubt of the 
exact age of the formation. The largest of the three species, 
called Arche^osaurus Decheni, must have been three feet six 
inches long. Fortunately, the skull, teeth, and the greater 
portion of the skeleton, nay, even a large part of the imbri- 
cated covering or homy scales of the skin, have been faith- 
fully preserved in two of the specimens. They were con- 



Digiti 



zed by Google 



Coal-Formation BepHles, 11 

Bidered by Goldfuss to be saurians, but Herman von Meyef 
regards them as most nearly allied to the Labyrinthodon, 
and therefore connected with the batrachians as well as the 
lisafds. The remains of the extremities leave no doubt that 
they were quadrupeds, " provided," says Von Meyer, " with 
hands and feet terminating in distinct toes ; but tlieflo limbs 
were weak, serving only for swimming or creeping.* ' The 
same anatomist has pointed out certain points of analogy 
between their bones and those of the Proteus anguinus ; and 
Prof. Owen has observed to me that they make an approach 
to the Proteus in the shortness of their ribs.* 

Even before any intelligence of these European discoveries 
had reached me, I had satisfied myself of the genuineness of 
the reptilian foot-prints, first observed in 1844 by Dr King 
at Greensburg in Pennsylvania, and which I examined care- 
fally in his company in 1846.t They occur as casts on the 
lower side of slabs of sandstone, in the midst of the coal- 
measures^ and were evidently made by a large air-breathing 
animal, walking over soft mud which afterwards dried and 
cracked in consequence of shrinking. This American fossil 
appears to have been a much broader animal than the Euro- 
pean triassic Gheirotherium and of a different genus. Its 
Stratigraphical position is unequivocal, as it is imbedded in 
coal-measures containing impressions of Lepidodendron, 
Sigillaria, and Stigmaria, some of the plants being specifi- 
cally identical with those of the iBuropean coal. I alluded 
in my last Anniversary Address to other foot<prints of a 
large reptile, supposed to be of considerably older date, 
fotind in 1849 by Mr Isaac Lea, in red sandstone referred to 
the Devonian period, at Pottsville, near Philadelphia. These 
appear to be referable to a difierent species, and have been 
lately shewn by Prof. H. D. Rogers to belong to the lowest 
part of the carboniferous series, and are therefore not much 
more ancient than the foot-prints of Greensburg, above 
mentioned. 

In the course then of the last six years, memorials of rep- 



* GoldfoBS, Keue Jenaische Lit. Zeit. 1848 ; and Von Meyer, Qaart. Journ. 
Gaol. 6oc., Tol. iv., Part ^, p. 61. 

t filfte i^e Aathor'i Second VUit to the United Stateft, vol. ii., r^ 3^^* 
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tile life have been traced back from the Permian to the bot- 
tom of the Carboniferous deposits, or nearly as far as any 
land-plants, and farther than the oldest land-shells, yet 
known. They have been carried down as it were, in six 
years, through a voluminous series of documents, 16,000 feet 
or more in thickness ; and we ought therefore by no means 
to despair of tracing birds or any other inhabitants of the 
land to periods as remote. 

Secondary Fossils. 

I will now proceed to consider the bearing of the organic 
remains of the secondary formations, from the trias to the 
chalk inclusive, on the doctrine of successive development. 
Respecting the Invertebrata of this vast period, I need only 
say, that memorials of all the aquatic tribes are as abundant 
as we could expect to find those of living invertebrata in the 
bed of the actual seas. But it is worthy of notice, that the 
freshwater and terrestrial mollusca are usually, as in older 
formations, very rare or entirely wanting. No helices or 
other land-shells have been collected, for example, from the 
lias, although Mr Brodie in his valuable " History of British 
Insects" informs us, that in the marl-stones and shales of this 
age, in Gloucestershire and other parts of the West of Eng- 
land, there are numerous remains both of insects and plants 
occasionally mingled with marine shells, sometimes also with 
freshwater mollusca of the genera Cyclas and Unio. One 
shale containing Cypris is charged with the wing-cases of 
Coleoptera, and some nearly entire beetles of which the eyes 
are preserved. The nervures of the wings of the neuropterous 
insects are also found in a very perfect state in the same bed. 
Throughout an extensive district several bands of this lias 
have been termed insect-limestone, in consequence of the 
great number of such fossils, no less than 300 specimens of 
hexapods having been obtained, comprising both wood-eating 
and herb-devouring beetles of the Linnaean genera Carabus 
Elater, and others, besides Grasshoppers (Gryllus) and de- 
tached wings of Dragon-flies and May-flies, or insects refer- 
able to the Linnsean genera Libellula, Ephemera, Hemerobius, 
and Panorpa, the whole assemblage belonging to no less than 
twenty-four families. These have evidently been washed 
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down into the sea by a river, which also brought down the 
leaves of ferns and monocotyledons, together with fragments 
of other plants, possibly dicotyledonous.* That no shells of 
snails or any air-breathing testacea have been yet obtained 
must be a mere accident, and we may consider ourselves in 
this and many other districts as treading on the threshold of 
discoveries, which may soon make us better acquainted with 
the contemporaneous flora and fauna of the dry land. 

Until the year 1846, when Dr Dunker described the Weal- 
den beds of the north of Germany, no well-determined speci- 
men of the genus Flanorbis had been detected in beds older 
than the eocene ; and the first species of Lymneus, more 
ancient than those of tertiary date, was found by the same 
geologist. In the four years which have since elapsed, Prof. 
E. Forbes has not only met with various species of these 
genera in each of the three divisions of the Purbeck in Dor- 
setshire, but has also obtained from the same rocks Yalvata, 
Physa, and Melania in abundance, together with the fruit of 
Chara, previously supposed to be characteristic of strata 
newer than the uppermost chalk. You will find that some 
able palaeontologists have been disposed to lean on the absence 
of pulmoniferous mollusca in all strata antecedent to the 
eocene, in support of the theory of successive development, 
arguing that these tribes, possessing as they do a high grade 
of organization (although by no means the highest among 
the mollusca), came latest in the order of creation, or were 
not formed until the tertiary epoch. It is therefore import- 
ant that we should have made so large an accession of fossils 
referable to this division, some of the species approaching 
very closely in their forms to living English shells, in strata 
of such antiquity ; for the recent researches of Prof. Forbes 
leave little doubt that the Purbeck belongs to the oolitic 
type, judging from its intercalated marine shells and echino- 
derms, whereas the marine mollusca of the Hastings sands, 
collected by Mr Austen, imply that that division of the Weal- 
den has a closer affinity to a lower cretaceous fauna. Ac- 
cording to this view, the genera Planorbis, Lymneus, Val- 

* Prof. Buckman, Quart. Journ. Gkol. Soc., vol. vi., p. 417. 
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vata, Pbysa, and others, are. at once carried down from the 
eocene group to the oolite, and such a fact should for ever 
warn us against reasoning in future on mere negative evi- 
dence, as to the non existence of all similar families of mol- 
lusca in the primary periods. 

In speaking of the Vertebrata of the secondary rockg, I 
need only observe respecting the iSsh and reptiles, that they 
were most fully developed in their organization, the IguanO' 
don and some other contemporary saurians making even a 
nearer approach in many characters of their osteology to 
warm-blooded quadrupeds than any reptiles now living on 
the globe. The only points therefore in secondary palaeon- 
tology to which it seems necessary to allude, are, first? the 
foot-prints of birds in the trias of North America; secondly, 
the fossil mammalia of the Stonesfield oolite ; and thirdly, 
the extreme scarcity, if not entire dearth, at present, of ceta- 
ceous remains in rocks older than the eocene. 

First, as to the age of the red sandstone containing bird- 
tracks in the valley of the Connecticut riyer, I have little 
doubt that this rock is at least as old as the European trias. 
It contains several species of fossil fish of the ganoid genus 
Ischypterus of Egerton, by which it is distinguished from 
those coal-bearing strata of oolitic or liassic age, near Rich- 
mond in Virginia, which I have described in the third volume 
of your Quarterly Journal. The genus Ischypterus is of a 
peculiar type, and therefore of small value in settling a chrono- 
logical question, but the want of a decidedly heterocercal tail 
may perhaps raise some presumption against their being 
Permian. That they are newer than the true or primary 
coal-measures may be deduced from still more satisfactory 
data. The old carboniferous formation enters into all the 
flexures of the Appalachian chain, whereas the red sandstone 
of the Connecticut, or at least its equivalent in New Jersey, 
reposes in many places unconformably on the denuded edges 
of the inclined or vertical Appalachian beds. 

When I first examined these strata of shale and sandstone 
near Jersey city, in company with -Mr Redfield, I saw at once 
from the ripple-marked surface of the slabs, from the casts 
of cracks, the marks of rain-drops, and the imbedded frag- 
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znents of drift-wood, that these beds had been formed preciBely 
under circumstances most favourable for the reception of im- 
pressions of the feet of animals, walking between high and 
low water. In the prolongation of the same beds in the 
valley of the Connecticut, there have been found, according 
to Professor Hitchcock, the foot-prints of no less than thirty- 
two species of bipeds, and twelve of quadrupeds. Thirty of 
these are referred to birds, four to lizards ; two are believed 
to be those of chelonians, and six to be batrachians, the re^ 
maining two being doubtful. They have been observed in 
more than twenty localities, which are scattered over ejx 
area of nearly eighty miles from north to south in the states 
of Massachusetts and Connecticut. After visiting several of 
these places, I entertained no doubt that the sand and mud 
were deposited on an area which was slowly subsiding all the 
while, so that at some points a thickness of more than lOOQ 
feet of superimposed strata had accumulated in very shallow 
water, the foot-prints being repeated at various intervals on 
the surface of the mud throughout the entire series of super- 
imposed beds. When I first examined this region in 1843, 
Professor Hitchcock had already seen 2000 impressions, each 
of them indented on the upper sides of layers of shale, while 
the casts of the same, standing out in relief, always protruded 
from the lower surface of the incumbent strata. Had they 
been concretions, as some geologists at first contended, they 
would have been occasionally found projecting from the upper 
sides of strata of sandstone. I was also much struck when 
following each single line of foot-marks, to find how uniform 
they were in size, and how nearly equidistant from ea<ch other, 
whereas on turning to a larger or smaller set of impressions, 
the distance separating any two tracts in the same series 
immediately increased or diminished, there being an obvious 
proportion between the length of the stride and the dimezb- 
sions of the creature which walked over the mud. There 
are also a great number of examples where the trifid im{»>ea- 
sions eJibibit three marks of phalangeal bones for the inner 
toe, four for the middle, and five for the outer one, as in the 
feet of living tridactylous birds, and in each continuous line 
of steps the three-jointed and five-jointed toes are seen to 
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turn alternately right and left. In one slab found at Turner's 
Falls on the Connecticut by Dr Deane, the fine matrix has 
retained marks of the integument or skin of the foot. This 
specimen is now in the museum of Dr Mantell, and the im- 
pression was recognized by Professor Owen as resembling 
the skin of an ostrich and not that of a reptile. Such a test, 
in addition to the other evidence before mentioned, should, I 
think, remove all scepticism in regard to the ornithic nature 
of most of these bipeds. The size indeed of some of the fossil 
impressions seemed at first to raise an objection against their 
having belonged to birds, as it far exceeded that of any living 
ostrich, but the Dinornis and other feathered giants of New 
Zealand have removed this difficulty. The foot-prints are 
accoifipanied by numerous coprolites, and Mr Dana has de- 
rived an ingenious argument from the analysis of these bodies, 
the proportion they contain of uric acid, phosphate of lime, 
carbonate of lime, and organic matter, shewing that, like 
guano, they are the droppings of birds rather than of reptiles.* 
Still, it is asked, whether, if birds were so abundant, we ought 
not to meet with some of their bones in a fossil state, — a 
remark, be it observed, which is equally applicable to the 
associated quadrupedal imprints. In reference to this ques- 
tion, I took pains, when on the shores of the Bay of Fundy 
after I had examined the red sandstone of the Connecticut, 
to inquire whether, in digging trenches through the red mud 
of recent origin, from which the tide has been excluded by sea- 
banks, they had ever found the bones of birds, and I could hear 
of no instance, although I saw the sandpiper, or Tringa minuta^ 
making every day those lines of impressions in the mud bor- 
dering the estuary which I have described and figured in my 
'' Travels." My friend Dr Webster, of Kentville, Nova Scotia, 
has recently sent me some fine examples of rain-drops, which 
he saw formed during a shower on this modern mud, and casts 
of which project in relief from the under- side of an incumbent 
layer of the same argillaceous deposit, thrown down during 
a subsequent rise of the tides. Thus marked and traversed 
by cracks caused by shrinkage, and containing the foot-prints 

* Amer. Jour, of Science, vol. zlviii., p. 46. 
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of birds, they present a singularly perfect counterpart of many 
of the old triassic shales above described. 

Mr Darwin tells us in his " Journal of a Voyage in the 
BeagUy^ that the South American ostriches, although they 
live on vegetable matter, such as roots and grass, are re- 
peatedly seen at Bahia Blanca, lat. 39"" S., on the coast of 
Buenos Ayres, coming down at low water to the extensive 
mud-banks, which are then dry, for the sake of feeding on 
small fish. Over such mud-flats, birds of different sizes, 
together with alligators, turtles, and other reptiles, may 
wander and leave their foot-prints, and yet, although swarm- 
ing by myriads, may leave none of their bones in the newly 
deposited sediment. I have searched in vain, year after year, 
in the shell marl of Scotland, for the evidence of the exist- 
ence of a single bird, in a deposit made up bodily of shells of 
the genera Lymneus, Planorbis, Succinea, and Valvata, and 
in which the skeletons of deer, oxen, and other quadrupeds 
are met with in considerable numbers, although we know 
that before the lakes were drained, which yield this marl so 
largely used in agriculture, the surface of the waters and the 
bordering swamps were covered with wild duck and wild 
swan, and with teal, herons, curlews, snipes, and other fowl. 
They have left no fossil memorials behind them, because if 
they perished on the land, their bodies decomposed or became 
the prey of carnivorous animals ; if on the water, they were 
buoyant and floated till they were devoured by predaceous fish 
or birds, and in warmer countries by reptiles, such as the 
alligator. But the same causes of obliteration have no power 
to efface the foot-prints which such creatures may have left 
on an ancient mud-bank or shore, and these, like the ripple- 
mark on the surface, or the casts of crevices formed by the 
shrinkage of mud during desiccation, may be as imperishable 
as any other portion of the solid rock. 

We have at present no fossil remains of birds in the pri- 
mary formations of any country, and none in the secondary, 
except the impressions, above alluded to, in the red sand- 
stone of New England, and a few British specimens of bones 
JTom the oolite of Stonesfield and the Wealden of Tilgate 
Forest. After I had been informed by Mr Bowerbank that 
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18 Secondary Fossils. 

among several bones of Pterodactyls from Stonesfieldhe bad 
met with one from the same locality which by its microscopic 
structure was clearly referable to a bird, I proposed to Mr 
Quekett of the College of Surgeons to examine the fossils of 
the same class in the Society's Museum, a task which he 
kindly undertook. He reports to me that all the bones, more 
than twenty in number j are those of birds, except two which 
belong to Pterodactyls and are characterized by that minute 
structure which Mr Bowerbank found, in 1847, in the Ptero- 
dactyls of the chalk. The Wealden fossil which Cuvier and 
Mantell once referred to a wading bird seems to be referable 
to a Pterodactyl, for reasons pointed out by Prof. Owen. But 
Dr Mantell is still of opinion, that he had in his collection 
from the Wealden a portion of the ulna of a bird on which 
there was a distinct row of slight eminences, like the tuber- 
cles on the ulna of some birds, for the attachment of the 
large wing-feathers. This specimen has been transferred to 
the British Museum, and well deserves to be sought for and 
figured. 

The Protornis Glariensis of H. von Meyer, found in the 
slates of Glaris in Switzerland, was formerly cited as an ex- 
ample of a cretaceous bird. But according to the classifica- 
tion of the Alpine strata lately proposed by Sir Boderick 
Murchison, you will observe that this schist is about the age 
of the nummulitic limestone, and therefore an eocene rock*. ' 

The long-winged bird of the chalk, called Cimoliomis by 
Prof. Owen, formerly considered as allied to the albatros, 
has now proved, as Mr Bowerbank had inferred from the 
structure and proportions of the bone-cells, to be a Ptero- 
dactyl, the jaws, skull, and wing-bones of three species of 
these flying reptile s having been found in the white chalk 
without flints^ above the chalk marl in Kent. Mr Bower- 
bank estimates the largest of these species, judging from the 
size of the bones as compared to corresponding portions of 
Pterodactyls, of which we have the more or less perfect ske- 
letons, to have been so gigantic that it measured 16 feet 6 
inches from tip to tip of the outstretched wingst. 



* Quart. Journ. Geol. Soc., vol. v., p. 199. 
t Zool. ProceediDgs, Jan. 14, 1851. 
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Some geologists have suggested that these flying reptiles, 
when very abundant, may have performed many of the func- 
tions now discharged in the animal kingdom by winged and 
feathered bipeds. It may be so ; but the numerous foot- 
prints of tridactyle bipeds of various sizes in the trias of 
North America, and the fragments of ornithic bones from 
Stonesfield, above adverted to, should put us on our guard 
against hastily assuming even the scarcity of this great class 
in what has been termed the Age of Reptiles. 

If we consult Prof. Owen's work on British Fossil Mam- 
malia and Birds, we find 229 figures devoted to the illustra- 
tion of the mammalia, and only seven figures to the birds. 
Three species only had been obtained in 1846 from the 
English eocene beds, although nineteen British mammalia 
were known when that treatise appeared. Cuvier's investi-. 
gations had long before made known to us, that in the eocene 
gypsum of Montmartre there were ornitholites of the families 
Accipitres, GallinacesB, Grallatores, and Palmipedes, and it 
is therefore remarkable that the freshwater deposits of the 
Isle of Wight and Hordwell CliflP, which had yielded fresh- 
water shells in abundance for half a century, had afforded us 
no insight into the state of the contemporaneous feathered 
creation. 

The next point in the palaeontology of the vertebrata of the 
secondary formations, relates to the fossil mammalia of the 
slates of Stonesfield. The manner in which the lower jaws 
of extinct quadrupeds of no less than three species are im- 
bedded in an oolitic matrix, prevents the possibility of any 
cavil as to the locality from whence they were all derived, 
and the rock itself is well ascei*tained to belong to the lowest 
division of the oolitic system of England. In their state of 
preservation they rival the beautiful fossils of the Paris gyp- 
sum, or those of con*esponding eocene date recently obtained 
from Hordwell Cliff. After the animated discussions which 
have taken place in this room, it would be a waste of time 
to repeat to you the arguments by which the Hunterian Pro- 
fessor proved that jaw-bones, consisting of a single piece 
with double-fangedteeth and convex condyles exhibiting well- 
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20 Secondary Fossils, 

developed coronoid processes, cannot have belonged to fish 
or reptiles. I shall merely allude to the late discovery of a 
inore perfect jaw, which enabled Professor Owen's anatomical 
skill to decide that the angular process of the Amphitherium 
Prevostii was bent inward in a slighter degree than in any of 
the known marsupialia. The fact of the inflection not ex- 
ceeding that observable in the jaw of the living mole or the 
hedgehog, turns the scale in favour of the affinities of the 
Amphitherium to the placental insectivora, although it still 
approximates in some points of its osteology to the Myrme- 
cobius and other marsupials of Australia. 

But the precious relic of another mammiferous genus dis- 
covered in the slate of Stonesfield, called Didelphys Bucklandi 
by Broderip, and Phascolotherium by Owen, manifests so 
complete an agreement with the living genus Didelphys in 
the number of premolar and molar teeth, in the general form 
of the jaw, and in the extent and position of its inflected 
angle, that we can hardly doubt its marsupial character, — 
a conclusion of no small importance, because in this case we 
have osteological evidence that both the placental and mar- 
supial classes of mammalia were already in being in an early 
part of the oolitic era, just as opossums now co-exist with 
skunks on the American continent. Several insects, and 
among them the elytra of beetles, on which these small quad- 
rupeds may have fed, are preserved in the same rock ; and 
Prof. Owen remarks that some carnivorous quadrupeds of 
coeval date could scarcely have been wanting to keep down 
the numbers of the Phascolotheres and Amphitheres, which 
were probably, like the quadrupeds now most nearly allied 
to them, quick breeders*. 

By a singular accident, no other bones have been collected 
of the skeletons of the seven individuals as yet found at 
Stonesfield, except seven half lower jaws; a fact demon- 
strating in a marked manner the fragmentary nature of the 
memorials handed down to us of an ancient terrestrial fauna. 
Yet no small diligence has been used by collectors for more 
than a quarter of a century to obtain even the smallest iso- 
lated bones of fish and reptiles from these beds. I can only 

* Brit. Fobs. Mamm., Introduction, p. 14. 
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compare the capricious chance which has hitherto put us in 
the exclusive possession of these seven jaws, with the equally 
strange accident recorded by Dr Mantell, in his career of 
discovery in the Wealden. He computed that in the course 
of twenty years he had found teeth and bones of the Igua- 
nodon which must have belonged to no less than 71 distinct 
individuals, varying in age and magnitude from the reptile 
just burst from the egg, to one of which the femur measured 
24 inches in circumference. Yet it was not until the relics 
of all these individuals were known that a solitary example 
of part of a jaw-bone was obtained. As in other branches of 
inquiry one. invention or discovery usually elicits another of 
the same kind, so, when at length the first Iguanodon's jaw 
had been procured, a second was soon detected in a dififerent 
locality, and then the fragment of a third brought to light 
from the stores of the British Museum. The solidity of these 
jaw-bones, and the strength with which several teeth fixed 
in them adhere to their sockets, render it more than ever in- 
explicable why hundreds of similar detached teeth should 
have been previously collected by naturalists without their 
having fallen in with a single fragment of a jaw-bone. 

If it appear singular that the first terrestrial quadrupeds 
of older date than the eocene strata should have been met 
with in a marine limestone at the bottom of the oolite, rather 
than in the freshwater strata of the Wealden, whore the re- 
mains of herbivorous reptiles abound, I may observe that it 
is not more strange than that no land shells should yet have 
been discovered in the Wealden, or that no pulmoniferous 
moUusca should have been met with, until the recent re- 
searches of Messrs Dunker and E. Forbes had made them 
known in Hanover and Dorsetshire. 

The last remaining point respecting the development of 
the more highly organized vertebrata in the older rocks, on 
which I propose to offer some comments, relates to the ^ab- 
sence of Cetacea and of all marine mammalia in formations 
more ancient than the eocene. I agree with Professor Owen, 
that no argument founded on negative evidence, in favour of 
the imperfect development of the class of vertebrata in the 
earlier periods, is entitled to so much weight as the dearth 
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of fossil cetaceans in these primary and secondary strata of 
marine origin. Professor Sedgwick indeed states in his re- 
cent work*, that he possesses in the Woodwardian Musenm 
a mass of anchylosed cervical vertebrse of a whale, which he 
found near Ely, and which he has no doubt came from the 
Kimmeridge clay, because it is in the same state as other 
fossil bones procured from that formation. Professor Owen, 
who has examined it, says that it exhibits well-marked specific 
characters, distinguishing it from all other known recent or 
fos»il cetacea. If there were not drift-clay as well as Kim- 
meridge clay in the low region where these vertebrae were 
picked up, it would be a decisive indication of a marine 
mammal of the period of the upper oolite. It was probably 
derived from that formation ; but the determination of its 
true site is not so satisfactory as could be wished, where the 
fossil bears on a theoretical point of such extreme importance 
in palaeontology. 

Accordingto the " Index Palaeontologicus" of Bronn, Morren 
has described a Tubicinella from the chalk of Belgium ; and 
Mr Darwin, on calling my attention to this fact, observes, 
that if this cirripede has been correctly named, it implies 
with a high degree of probability the presence of Cetacea in 
the cretaceous sea. It is absolutely certain that a Tubicinella 
could live in no other way, except imbedded in some soft 
substance, like the blubber of whales. Not only is the recent 
Tubicinella invariably thus found, but all four species, in the 
two nearest allied genera, Coronula and Siphonicella, a new 
genus of Darwin, have, similar habits, therefore it would be 
contrary to analogy to suppose that a fossil Tubicinella 
should have been parasitic on any class of animals except 
the mammalia. 

But while we are waiting for more positive information on 
this subject, it may be affirmed that the theory of the imper- 
fect development of the mammalia in the cretaceous or oolitic 
eras, is sufficiently refuted without the aid of a cetacean from 
the Kimmeridge clay, seeing that in the antecedent slate of 
Stonesfield, nature had already evolved both the placenta 

* Preface to 5th Ed. of Studies of Cambridge. 
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and marsupial type of mammals. That in an age of Enalio- 
saurians, most of them carnivorous, the Cetacea may have 
heen superseded to a great extent by large marine reptiles, 
or may have been much less fully represented than in our 
own era, when salt-water reptiles are almost unknown, even 
in the tropics, is highly probable ; just as wingless birds ap* 
pear for ages to have predominated in New Zealand at the 
expense of the mammalia ; while marsupial quadrupeds en* 
joyed a monopoly of Australia to the exclusion of the placental* 
Yet before we indulge even in this hypothesis, it will be 
prudent to wait for some years to see whether the reputed 
relic of a cetacean in the Woodwardian Museum is the only 
fossil of this class laying claims to so high an antiquity. 

At the risk of appearing to repeat the caution already 
enjoined by me on the palaeontologist, I will venture to throw 
out another parting hint on the subject of negative evidence. 
If we infer the poverty of the flora or fauna of any given 
period of the past, from the small number of fossils occurring 
in ancient rocks, we are bound to remember that it has been 
evidently no part of the plan of Nature to hand down to us 
a complete or systematic record of the former history of the 
animate world. We may have failed to discover a single 
shell, marine or freshwater, or one coral or bone in certain 
sandstones, such as that of the valley of the Connecticut, 
where the foot-prints of animals abound. But Such failure 
may have arisen, not because the population of the land or sea 
was scanty at that era, but because in general the preserva- 
tion of any relics of the animals or plants of former times is 
the exception to a general rule« Time so enormous as that 
contemplated by the geologist may multiply exceptional cases 
till they seem to constitute the rule, and so impose on the 
imagination as to lead us to infer the non-existence of crea- 
tures of which no monuments happen to remain. Professor 
Edward Forbes in his lectures on Palaeontology has remarked 
that few geologists are aware how large a proportion of all 
known species of fossils are founded on single specimens, 
while a still greater number are founded on a few individuals 
discovered in one spot. This holds true, not only in regard 
to animals and plants inhabiting the land, the lake, and the 
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rirer, but even to a surprising number of the marine mollusca, 
articulata, and radiata. Our knowledge, therefore, of the 
living creation of any given period of the past may be said 
to depend in a great degree on what we commonly call chance, 
and the casual discovery of some new localities rich in peculiar 
fossils may modify or entirely overthrow all our previous ge- 
neralizations, so long as they are based on the supposed non- 
existence at former epochs of the fossil representatives of 
large families or classes of plants and animals. 

Tertiart^ Fossils. 

When we contrast the botany and zoology of primary and 
secondary strata with those of tertiary formations, it is more 
especially incumbent on us to make due allowance for a com- 
paratively deficient acquaintance with the ancient deposits, 
which are more and more exclusively marine in proportion 
as we depart farther from those periods during which our 
existing continents were built up. They are more marine, 
not because the ocean was more universal in times past, but 
because, when we carry back our retrospect to epochs so dis- 
tant that entire continents have been since submerged, we 
are less favourably placed for exploring strata thrown down 
in lakes and estuaries, or near the shore. In studying the 
tertiary strata, as I before remarked, we have opportunities 
of becoming more thoroughly acquainted with the remains of 
the flora and fauna which flourished in a great variety of sta- 
tions ; and besides, in these more modem rocks the imbedded 
fossils are less obliterated by the destroying hand of time. 
If we conceal or extenuate such circumstances when we argue 
with an opponent who believes that the primary or secondary 
fauna was as highly developed as the tertiary, we take an 
unfair advantage of him ; not duly conceding how much the 
chances of finding examples of terrestrial mammalia are on 
our side. " We throw with loaded dice," to borrow an ex- 
pression of Dr Fleming's, in a controversy respecting the 
evidences of a tropical climate at more ancient periods. 

Of the tertiary mammalia, the oldest yet found, perhaps» 
are those of the lower eocene, occurring in the London clay 
of Sheppey and the sand of Kyson, near Woodbridge. Al- 
though the species are as yet few in number, the quadra- 
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mana are represented b; the Macacus Eocenus, the marsu- 
pials by the Didelphys Colcheateri, the pachyderms by the 
Htfracotheriym cuniculus ; and these types alone indicate as 
full a development of the mammalia as that exhibited by the 
middle eocene strata of Hordwell Cliff, the Isle of Wight, 
and the gypsum of Montmartre, near Paris, where a more 
numerous assemblage of species has been found. As the 
moUusca of the upper and lower eocene differ considerably, 
analogy leads us to expect that the species of mammalia of 
these two periods (the lower and middle eocene) will differ 
still more widely. On the other hand, the fossil quadrupeds 
of the Idmagne d'Auvergne, which I refer to an upper eocene 
group (although some able geologists class them as lower 
miocene), present another fauna ; and a fourth set of mam- 
malia belong to the era of the Faluns of Touraine. Since the 
falunian epoch the pliocene species came into existence, and 
a large part of these also have in their turn become extinct, 
giving place to the mammalia now co-existing with man. 

If we desire to satisfy ourselves of the superior facilities 
we enjoy in studying the tertiary as compared to the secondary 
mammalia, we have only to reflect on one advantage which a 
collector of newer pliocene fossils enjoys over one who shall 
confine his investigations to eocene or miocene remains. In 
Owen's table of the fossil mammals of the British Isles, the 
longest list of species is that derived from cavern deposits. 
All these he refers, and I believe correctly, to the newer plio- 
cene period. We know nothing of the bones which were en- 
closed in the stalagmite of caverns in the older pliocene or 
miocene or eocene eras ; and the same remark holds good in 
all those parts of France, Belgium, and Germany which I 
have visited, and equally so, I believe, in regard to the caves 
of Brazil, Australia, and New Zealand, from which the bones 
of extinct mammalia and birds have been derived. But if we 
remain so ignorant of the inhabitants of caverns in all the 
tertiary periods except the latest, how little knowledge can 
we expect to derive from a similar source respecting the ter- 
restrial fauna, when we carry back our inquiries to the Weal- 
den or Carboniferous epochs ! We are as well assured that 
land and rivers then existed, as that they exist now ; but it 
is evident that even a slight geographical revolution or trans- 
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ference of the position of land and sea tends rapidly to dimi- 
nish our chances of leai*ning what mollusca or mammalia 
may then have inhabited the land. 

Geological Age of Man, 

Yet, small as may be the progress hitherto made in deci- 
phering the records of the tertiary periods, we seem entitled 
to declare that, during several great revolutions in the mam- 
malia, probably not less than five, there has been no step 
whatever made in advance, no elevation in the scale of being ; 
so that had man been created in the lower eocene era, he 
would not have constituted a greater innovation on the state 
of the animate creation previously established, than now, 
when we believe him to have begun to exist at the close of 
the pliocene. 

Antecedently to investigation, we might reasonably have 
anticipated that the vestiges of man would have been traced 
back at least as far as those modem strata in which all the 
testacea and a certain number of the mammalia are of exist- 
ing species, for of all the mammalia the human species is the 
most cosmopolite) and perhaps more capable than any other 
of surviving considerable vicissitudes in climate and in the 
physical geography of the globe. How far the interior of 
Asia, the supposed cradle of our race, may hereafter afford 
geological evidence of higher antiquity than can be deduced 
from European monuments, we have yet to learn. Th,e ob- 
servations recently made by Dr Abich on the changes of level 
going on in the Caspian ; the periodical oscillations of level 
in that sea, due principally to subterranean movements ; the 
shifting of the position of its waters, partly by the encroach- 
ment of deltas on one side and the overflowing of the land in 
other directions ; the buildings now seen under water while 
others are above the sea-level, and yet, like the temple of Se- 
rapis, having been drilled by perforating mollusks, bear the 
marks'of former submergence — these proofs of recent changes, 
coupled with the evidence obtained by MM. Murchison and 
De Verneuil, of the vast extent of a marine or brackish- water 
Aralo-Caspian limestone hundreds of feet above the level of 
the Mediterranean, may encourage us to hope that we may 
hereafter be able to find a geological date for the origin of 
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man, less vague than that ivhich ive can at present assign to 
the event. But so far as our interpretation of physical move- 
ments has yet gone, we have every reason to infer that the 
human race is extremely modem, even when compared to 
the larger number of species now our contemporaries on the 
earth. 

In fluviatile deposits, such as the loess of the Bhine and 
the Mississippi, where the land and freshwater shells are 
of living species, we find no human bones or articles fabricat- 
ed by man ; nor in the elevated tufaceous strata near Naples, 
or the raised beaches of Norway, or the brackish-water strata 
several hundred feet high, bounding the Baltic, nor in the 
stratified glacial drift, in all of which marine shells are im- 
bedded, referable, with few exceptions, to living species. I 
have explained my reasons for not assenting to the alleged 
antiquity of certain human bones, supposed to have been as 
ancient as the Mastodon and Megalonyx, in the loess near 
Natchez on the Mississippi.* In cave deposits which con- 
tain the bones of extinct quadrupeds, mixed with the re- 
mains of a small number of recent species of the same class, 
no human skeletons or fabricated articles have been found. 
There are, indeed, some few alleged exceptions to this rule, 
but by no means sufficiently authenticated to prove that 
man co-existed with an extinct mammiferous fauna ; for the 
possibility of human remains having become subsequently 
mingled with those of older date, whether by natural causes 
or by burial in the stalagmite and alluvium of caverns, must 
be taken into account. In South America no less than 800 
caves were explored by those indefatigable naturalists, Lund 
and Clausen, and they obtained the bones of 101 species of 
mammalia belonging to 50 genera, a fauna more rich and 
varied than that now inhabiting the same country. Among 
all these, only one species of quadruped could be identified 
with the recent. After ransacking so many hundred caves 
they met with human bones in six only, and in one of these 
alone were they mixed with the remains of extinct animals 
in such a manner as to seem to imply that they had belonged 
to the same epoch. In this one example, the bones are said 

* See my Second Visit to the United States, vol. ii, p. 196. 
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to have been in the same state or condition as those of the 
extinct quadrupeds, the human skull being referable to the 
same type as that of the American Indian of Brazil. But 
although such fossils may have been very ancient, histori- 
cally speaking, we must wait for additional testimony before 
we allow this single instance to convince us that the human 
race co-existed with the extinct Brazilian and Pampean fauna, 
in which case it must have outlived one assemblage of mam- 
malia and witnessed the coming in of another, perfectly 
distinct.* Nor can we reconcile the facts of the case with 
the hypothesis that man was the exterminating agent of the 
quadrupeds which have disappeared. Not only have the 
Megatherium, Auchenia, Mastodon, and other huge quad- 
rupeds died out since these caves were filled with fossil 
bones, but several also of the contemporary minute crea- 
tures, such as seven species of bats and thirty-two of Glires, 
and many small opossums. The five extinct apes, moreover, 
described by Lund, were not associated with fossil bones of 
the living species of apes which now abound in Brazil, and 
in the extirpation of which man has made but little progress. 
As all the vertebrate, and nearly all the invertebrate 
eocene fossils belong to species now no more, we could 
never reasonably expect the remains of man to form part of 
an eocene fauna. Previously to experience, the utmost that 
analogy entitled us to look for in rocks of such high anti- 
quity was the occurrence of some dominant species, dificrent 
from the human, yet holding a corresponding position in the 
then living creation. Neither the osseous remains nor the 
handiwork of such a being have ever been detected ; and as 
I before stated, although there have been, since the lower 
eocene epoch, so many complete changes in the species of 
warm-blooded quadrupeds inhabiting the land, no progress 
whatever has been made in filling up the chasm which now 
separates man from the inferior animals. In that rich 
fauna, probably of miocene date, brought to light by the 
exertions of Dr Falconer and Major Cautley, in the Sub- 
Himalayan or SewMik Hills, there are many extinct species 

* For an abstract of Land's discoveries, see Archlac, Hist, des Progres de la 
G^l., torn, ii., p. 386. 
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of elephantine quadrupeds. As the living Indian elephant 
is more intelligent than the African species, it may possibly 
also be superior to all the extinct proboscidians of the 
Sew&lik group ; but if so, how could it supply even one of 
those missing links in the chain of successive development 
of which we stand in need \ For the superiority of man, as 
compared to the irrational mammalia, is one of kind rather 
than of degree, consisting in a rational and moral nature, 
with an intellect capable of indefinite progression, and not 
in the perfection of his physical organization, or those in- 
stincts in which he resembles the brutes. 

If, therefore, the doctrine of successive development had 
been palseontologically true, as I have endeavoured in this 
discourse to show that it is not ; — ^if the sponge, the cepha- 
lopod, the fish, the reptile, the bird, and the mammifer, had 
followed each other in regular chronological order, the crea- 
tion of each of those classes being separated from the other 
by vast intervals of time ; and if it were clear that man had 
been created later by at least one entire period — still I should 
have been wholly unable to recognize in his entrance upon 
the earth the last term of one and the same series of develop- 
ments. Even then, the creation of man would rather seem 
to have been the beginning of some new and different order 
of things. 

By the creation of a species, I simply mean the beginning 
of a new series of organic phenomena, such as we usually 
understand by the term " species." Whether such com- 
mencements be brought about by the direct intervention of 
the First Cause, or by some unknown Second Cause or Law 
appointed by the Author of Nature, is a point upon which I 
will not venture to offer a conjecture. That some of these 
species or series of vital phenomena occasionally come to an 
abrupt termination in our own times, as they have done in 
every preceding geological epoch, is no longer disputed, and 
the arguments of those who imagine that new dreations en- 
tirely ceased from the moment that man was introduced into 
the globe (the destroying agencies continuing in full activity 
while the renovating power was suspended), appear to me 
inconclusive and premature. It would be presumptuous to 
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assume that the presence of the human race upon the land 
could affect, still less utterly change, those laws which have go- 
verned the organic world in the ocean for millions of yeard ; 
and if we enlarge our ideas respecting the antiquity of man, 
and concede those ten thousand or even twenty thousand 
years which some ethnologists demand in order to account 
for the early civilization of nations and the origin of their 
languages, we must hesitate before we affirm that such a 
period has been one of stagnation or diminished fluctuation 
in the animate world. 

The identity of the fauna and flora of England and the con- 
tinent of Europe requires us to assign a very distant date to 
the period when the existing species of animals and plants 
began to spread themselves over the lands we now inhabit. 
At the period of such migrations this island was still united 
with the continent, but a large number of the existing species 
of moUusca and some other tribes of marine animals can 
claim a much higher antiquity ; so much so that they were 
already created during the drift or glacial epoch, when the 
physical geography of Europe bore no resemblance to that 
now established. If, therefore, ten or twenty thousand years 
were added to the chronology of the human period, it would 
still constitute a mere fraction of that vast geological division 
of time during which the species now our contemporaries 
have been coming into existence. But how small is the pro- 
gress yet made by us in ascertaining the order in which the 
mammalia now living were created ! Some species are so 
ancient as to have co-existed with a fauna of which nearly 
all the species have died out, while others may be coeval in 
their origin with man, and a few perhaps are of more recent 
creation. Man himself has been multiplying on the earth 
since he entered upon it, and enlarging the range of many 
animals, both intentionally and against his will. These 
species occupy, together with the human population, the places 
left vacant by such as are exterminated from time to time. 
Whether the amount of change in those ten or twenty 
thousand years which immediately preceded our own times 
has been greater or less than the average mutation during 
equal periods of the past, from the Silurian to the Pliocene 
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era, is a point on which, in the present infancy of the science, 
it would be idle to speculate. Of this, however, we may feel 
assured, that the greater the identity of the system of terres- 
trial changes, present and future, organic and inorganic, with 
that which has prevailed throughout past time, the more 
faithfully shall we be able to interpret the records of creation 
which are written on the framework of the globe. 

Huttonian Theory, 

In the first publication of the Huttonian theory, it was de- 
clared that we can neither see the beginning nor the end of 
that vast series of phenomena which it is our business as 
geologists to investigate. After sixty years of renewed in- 
quiry, and after we have greatly enlarged the sphere of our 
knowledge, the same conclusion seems to me to hold true. 
But if any one should appeal to such results in support of the 
doctrine of an eternal succession, I may reply that the evi- 
dence has become more and more decisive in favour of the 
recent origin of our own species. The intellect of man and 
his spiritual and moral nature are the highest works of crea- 
tive power known to us in the universe, and to have traced 
out the date of their commencement in past time, to have 
succeeded in referring so memorable an event to one out of 
a long succession of periods, each of enormous duration, is 
perhaps a more wonderful achievement of Science, than it 
would be to have simply discovered the dawn of vegetable or 
animal life, or the precise time when, out of chaos, or out of 
nothing, a globe of inanimate matter was first formed.* 

On the former Changes of the Alps. By Sir RoDEElOE Impey 
MURCHISON, F.RS-t 

The complicated structure of the Alps so baflBled the pene- 
tration of De Saussure, that after a life of toil the first great 
historian of those mountains declared *' there was nothing 
constant in them except their variety.*^ In citing this opinion, 
Sir Roderick explained how the obscurity had been gradually 

* The anti-deTelopment view of Fossil Plants, in oar next Number, 
t Abstract of a Memoir read to the Royal Institution of Great Britain, in 
March 7, 1851. 
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cleared away by the application of modern geology, as based 
upon the succession of organic remains, and then proceeded 
to indicate the accumulations of which the Alps were com- 
posed, and the changes or revolutions they had undergone, 
between the truly primsBval days when the earliest recog- 
nizable animals were created, and the first glacial period in 
the history of the planet. ' 

The object being to convey in a popular manner clear ideas 
of the physical condition of these mountains at difierent 
periods, three long scene-paintings, prepared for the occasion, 
represented a portion of the chain at three distinct epochs. 
The first of these views of ancient nature exhibited the Alps 
as a long, low archipelago of islands, formed in great part 
out of the Silurian and older sediments which had been raised 
above the sea, when the lands bore the tropical vegetation 
of the carboniferous era. 

Stating that there were no relics in the Alps of the forma- 
tions to which he had assigned the name of Permian, as 
marking the close of the primaeval or palsBozoic age. Sir Rode- 
rick rapidly reviewed the facts gathered together by many 
geologists from all quarters of the globe, and maintained that 
they unequivocally sustained the belief, that there had been 
a succession of creations from lower to higher types of life, 
in ascending from inferior to superior formations. He care- 
fully, however, noted the clear distinction between such a 
creed, as founded on the true records of creation, and the 
theory of transmutation of species ; a doctrine put forth in 
the popular work entitled the " Vestiges of Creation," and 
from which he entirely dissented. 

In the second painting (an immense lapse of time having 
occurred) the Alps were represented as a mountainous ridge 
in which all the submarine formations, from the medisBval 
up to the older tertiary or Eocene, had been lifted up upon 
the flank of the primeeval rocks. Each rock system being 
distinguished by a colour peculiar to it, the nature of the 
animals contained in each of these deposits was succinctly 
touched upon. Between the youngest of the primseval for- 
mations and the oldest of the medieeval or secondary rocks, 
it was stated, that there is not one species in common to the 
two in any part of Europe ; the expression being that " an 
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entirely new ereation had succeeded to universal decay and 
death." 

In speaking of the Alpine equivalents of the British Lias 
and Oolites, Sir Roderick paid a deep-felt tribute to Dr Buck- 
land, who thirty years ago had led the way in recognizing this 
parallel ; and Leopold von Buch was particularly alluded to 
as having established these and other comparisons, and as 
having shewn the extent to which large portions of these 
mountains have been metamorphosed from an earthy into a 
crystalline state. In treating of the cretaceous system it 
was shewn that the Lower Green Sand of England, so well 
and so long ago illustrated by Dr Fitton, was represented in 
the Alps by large masses of limestone, since called Neoco- 
mian by foreign geologists. 

Emphasis was laid upon the remarkable phenomena, that 
e^ery where in the south of Europe (as in the Alps) the 
Nummulite rocks, with the " flysch" of the Swiss, and the 
*^ macigno" of the Italians, have been raised up into mountains 
together with the Hippurite and Inocerami rocks, or the 
chalk on which they rest ; and hence it was, that before Sir 
Roderick made his last survey of the Alps, the greater number 
of geologists classed the Nummulite rocks with the cretace- 
ous system, and considered them both to be of mediaeval or 
secondary age. But judging from the fossils, which di£Per 
entirely from those of the chalk (except at the beds of junction) 
and also from their super-position, he had referred these 
Nummulite rocks to the true lower tertiary or Eocene of 
Lyell. Beds of this age, though once merely dark-coloured 
mud, have been converted into the hard slates of Glarus with 
their fossil fishes (among which eels and herrings first made 
their appearance) ; other strata of this date contain the well 
known fishes of Monte Bolca ; and others again have been 
rendered so crystalline amid the peaks of the Alps as to re« 
semble primary rocks, so intense have been the metamor- 
phoses ! 

Dwelling for a few minutes on the atmospheric conditions 
which prevailed after the elevation of the older tertiary. Sir 
Roderick inferred that a Mediterranean and genial climate 
prevailed during all the long period whilst the beds of sand 
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(Molasse) and of pebbles (Nagelflue) were accumulating under 
the waters both of lakes and of the sea, and when derived from 
the slopes of all the pre-existing rocks. The marine portions 
of the Molasse and Nagelflue contain the remains of many, 
species of shells now living in the Mediterranean ; whilst in' 
alternating and overlying strata, charged exclusively with 
land and fresh water animals, not one species among many 
hundreds, including numerous insects, is identical with any 
form now' living. This point, on which be first insisted on 
his return from the Alps in 1848» Sir Roderick had considered 
to be of paramount importance in proving, that terrestrial life 
was much less endowed with the capacity to resist physical 
changes of the surface than submarine life ; for here we have 
a fauna which is Pliocene in the order of the strata, and yet 
is not Eocene in its animal and vegetable contents* 

A certain number of the more remarkable animals thai 
lived during this younger tertiary age were then adverted 
to, such as the Rhinoceros and other large quadrupeds, the 
fossil Viverrine fox (the original of which was on the table)» 
the huge Salamander (Andrias Scheuchzeri) and a Chelydra 
which had been described as analogus to the snapping turtle 
of the southern states of North America. These, with 
quantities of plants, including small palms, were all indica- 
tives of a warm and genial climate ; and on such sure groimds 
the second diagram placed the Alps before the spectators as 
covered with a suitable vegetation, and with several of the 
above-mentioned animals in the foreground. 

Having satisfied himself, in common with M. Studer, M. 
Escher, and all the geologists who have well exfJored the 
Alps, that every where along their northern flank a terrific 
dislocation has occurred, amounting in many places to a total 
inversion of mountains, between the older Tertiary and tiliose 
younger dejiosits which were accumulated under the waters 
during the period he had just been describing. Sir Roderick 
then briefly pointed out that he had demonstrated in detail 
elsewhere : viz. that the sands and pebble-beds of fhat age 
had been suddenly heaved up from beneatib the waiers all 
along the outer or northern flank of the chain, so as to form 
mountainous masses, the inverted and l^nincated ends of which 



Digiti 



zed by Google 



On the former Changes of the Alps. 36 

had been forced under the edges of the very rocks out of 
whose detritus they had been formed. 

Before this great revolution had taken place no large 
erratic blocks were known, but after it they became common, 
and were the necessary production of that intensely cold 
climate to which the Alps were then subjected ; a change of 
which their surface bears distinct evidence. 

During the same period the low countries of northern 
Europe were covered by an Arctic sea. If such Waters then 
extended to the Jura and the Alps, icebergs and rafts must 
have been detached from the latter, carrying away blocks of 
stone northwards, to be dropped at intervals, just as it has 
been demonstrated that the Scandinavian blocks were dropped 
in Prussia, Poland, and the low lands of Russia, when all 
those re^ons were under the influence of an Arctic sea. 
Bavaria, and the lower parts of the Cantons Vaud, Neuf'- 
chatel, and Berne, were, it is supposed, then covered by 
waters which bathed tihe foot of the Alps. 

That the change from a former genial climate to the first 
great period of cold was a. sudden one is further sustained 
by the fact, that the inclined strata in which the Mediterrar 
nean animals are buried, are at once covered trans^ressivefy 
and ttHcon/ormabfy by other beds of gravel, shingle, and mud, 
in which the remains of plants and animals are those of a 
cold climalle. 

The third scene, therefore, exhibited the sands and pebbles 
of the genial period thrown up into mountains on the flanks 
of the ciain, the peaks of which were probably covered for 
the first time with snow, and from the openings of which, 
whether protruding to the sea-shore or into deep fiords or 
bays, gliaciers and their moraines advanced, from which ice- 
bergs or rafts were floated away as suggested. 

In concluding. Sir Roderick thus expressed himself:— 
" Having thus now conducted you rapidly through the most 
prominent changes which the Alps have undergone, from 
the first period when they had emerged, probably as an 
archipelago of low islands in a tropical climate, to that 
epoch when the animals and plants living upon them indi* 
cated a lilediterranean temperature, and then to that Arctic 
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period, the conditions of which I have just been discussing, 
I have no longer to call for your assent to any inferences of 
the geologist, which all of you are not perfectly competent 
to understand. 

" To convert the Alps of the earliest glacial period into 
the Alps of the present day, you have only to figure them 
to yourselves, as raised 2000 or 3000 feet above the altitude 
which they are supposed to have in the diagram last ex- 
hibited. All their main features remaining the same, you 
would then have before you, the present Alps and their 
valleys, irrigated by lakes and rivers instead of bays ; and 
in place of the waters sketched in beyond them as in the 
painting, with ice-bergs floating upon them, you will thea 
have dry mounds of gravel, sand, and blocks, which were 
accumulated under the former waters ; such, in a word, as 
now constitute low hills and valleys and all the richest land 
of Switzerland and Bavaria, where man has placed the 
rhinoceros and turtles of one period, and the ice-bergs of 
another. You who have not visited this noble chain, and 
who wish to judge of its gorges, peaks, and precipices, have 
only to consult the views of om* associate Brockedon, in 
order to have nature in her present mood, brought in the 
most telling manner before you. But those of you who 
really wish to grapple with the geological wonders of former 
days, may look at the flanks of the Rigi from the Lake of 
Lucerne, whence, even from the deck of the rapidly passing 
steamer, you will see how that great pile of pudding-stone, 
every pebble of which has been derived from rocks in the 
chain more ancient than itself, has been lifted up from 
beneath the waters in the manner represented ; whilst if 
you continue the same traverse up the Lake to Altorf, you 
will pass by numerous extraordinary folds and breaks of 
the secondary limestones, and of the older Tertiary or Num- 
mulitic rocks. Such a doubling or crumpling up of these 
strata, you may then perchance agree with me in thmking, 
was in a great measure the result of lateral pressure 
between two great masses ; the crystalline centre of the 
chain upon the South, and the newly upraised deposits on 
the North, of which the Kigi is a small part only, which 
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latter having been intruded upon the terrestrial surface, 
necessarily compressed the pre-existing formations into a 
smaller compass. If more adventurous, you should climb 
to peaks rising to 8000 or 9000 feet above the s^a, that 
flank the central summits, you may there satisfy yourself, 
that deposits, which were once mere mud, formed during 
the same time- as our slightly consolidated London clay, 
have been in many parts converted into schists and slates 
as crystalline as many of the so-called primary rocks of our 
islands. So intense has been the metamorphosis I 

'' In speaking of the last changes of the Alps as stupendous, 
I know it may be said that, in reference to the diameter of 
the planet, the highest of these mountains and the deepest 
of these valleys are scarcely perceptible corrugations of the 
rind of the earth. But when we compare such asperities 
with all other external features of this rind, they are truly 
stupendous. How, for example, can the observer travel 
over vast surfaces such as Russia, and not be able there to 
detect a single disruption — ^not one great fracture, and no 
outbursts whatever of igneous and volcanic rocks ; but, on 
the contrary, a monotonous and horizontal sequence of 
former aqueous deposits, which, simply dried up, have never 
been disturbed by any violent revolutions from beneath, and 
then compare them with the adjacent Ural Mountains, or 
still better with the loftier Alps, and not to be impressed 
with the grandeur of such changes % 

" And here my auditors will recollect, that even beneath 
and around this metropolis they can be assured by finding 
extinct fossil mammalia, that such also have been the 
changes, though on a less scale, in our own country. The 
large extinct British quadrupeds necessarily required a great 
range for their sustenance. They had doubtlessly roamed 
from distant tracts to our lands before the straits of Dover 
were formed and before the British dominions were broken 
into isles. Our great insular dislocations were, I con- 
ceive, coincident with that striking phenomenon in the 
Alps on which I have tried to rivet your attention, when the 
first glacial and icy period affected so large a portion of this 
hemisphere, and when large portions of our northern lands 
formed the bottoms of an Arctic sea. But such tracts w^j.^ 
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bidden to rise again from beneath the waters and constitute 
the present continents and islands before man was placed 
on the sttrface. Our «race, in short, was not created until 
the greater revolutions of which I have treated had passed 
away. 

*' These grand dislocations belong, therefore, distinctly to 
former epochs of nature, and their magnitude U enormous 
when compared with anything which passes under our eyes, 
or has been recorded in human history. At the same time 
geologists have ^hewn upon clear evidences, that during the 
long and comparatively tranquil former period which in- 
termitted with geological revolutions, there was a constant 
exhibition of diurnal agencies similar to those which prevail 
in the present world. In those older times, rain must have 
fallen as now, — ^volcanic forces must have been active in 
scattering ashes far and wide, and in spreading them out 
together with sheets of lava beneath the waters, — ^gradual 
movements of oscillation and moderate elevations and de- 
pressions must have occurred, — ^long continued abrasion of 
the sides of the mountains must have produced copious ac- 
cumulations of * debris ' to encroach upon the lakes, the 
overflow or bursting of which may have sterilized whole 
tracts. 

'* All such and many more modifications of the ancient 
surfaces of the globe, including many slight breaks in the 
long career, were doubtlessly common to all epochs. But 
whilst no such operations can be compared with those phe- 
nomena of disruption and overturning of mountain masses 
which have been specially dwelt upon this evening, so also 
according to my view, it is impossible that any amount of 
small agencies, if continued for millions of years, could have 
produced such results. 

<* In thus attempting to shadow out in the space of an 
hour all the chief formations and transmutations of a chain 
like the Alps, I have probably laboured to effect what many 
persons may deem impossible ; but I have thought that some 
at least of these evening discoiurses should aiwaken the mind 
to the larger features of each science, the details of which 
must be followed out in course of lectures. I would beg, 
therefore, those persons who have not studied geology prac- 
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tically^ to dwell chiefly on the facts brought forward, and to 
believe that they are indisputably and clearly proven. They 
tell us nnmistakeably how different creations of animal and 
vegetable life are entombed in these vast monuments of 
ancient nature, and they reveal to us that each creation of 
the successive inhabitants of the surface lived during very 
Icmg periods of time. They announce to us, in emphatic 
language, how ordinary operations of accumulation were 
continued tranquilly during very lengthened epochs, and 
how such tranquillity waa broken in upon by great convul- 
sions. 

^* Being thus led to ponder upon the long history of suc- 
cessive races, and alfio upon some of the most wonderful 
physical revolutions the chain has undergone, we cannot 
avoid arriving at the belief, that, in addition to many other 
great operations, the disruption which upheaved the middle 
and younger Tertiary formations from beneath the waters, 
and threw them up into mountain masses accompanying the 
production of the first great arctic period known in the 
history of the planet, was a change of immeasurable inten- 
sity. That change, in short, by which a period of snow, 
ice, glaciers, floating ice-bergs, and the transports of huge 
erratics far from sources of their origin, suddenly followed a 
genial and Mediterranean clime !" 

R. I. M. 



General and Special Apophthegms. By ROBEET OOBDON 
Latham, M.D., FJI.S., &c.* 

Although the enumeration, classification, and partial de- 
Bcription of the varieties of the human species form the basis 
of the natural history of man, a short notice of the general 
character of the science which investigates itis a proper adjunct 
to them. This will consist in apophthegms upon its nature, 
objects, and methods, as far as the last have been evolved. 

* As the Natural History of Mao is at present engaging very general atten* 
tion, we believe the publication of Dr Latham's important Apophthegms, or 
Mazims, will prove very useful in directing the studies of Ethnologists.— £d. 
PhU. Joum. 
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General Apophthegms. 

I. The natural history of man is chiefly divided between 
two sabjeots, anthropology and ethnology. 

II. Anthropology determines the relations of man to the 
other mammalia. 

III. Ethnology, the relations of the different varieties of 
mankind to each other. 

rV. Anthropology is more immediately connected with 
zoology; differing from it chiefly in the complexity of its 
problems, e. g. the appreciation of the extent to which the 
moral characteristics of man complicate a classification 
which in the lower animals, is, to a great extent, founded on 
physical criteria. 

V. Ethnology is more immediately connected with history ; 
differing from it chiefly in its object, its method, and its arena. 

VI. Whilst history represents the actions of men as deter- 
mined by morale ethnology ascertains the effect of physical 
influences. 

VIL History collects its facts from testimony, and ethno- 
logy does the same ; but ethnology deals with problems upon 
which history is silent, by arguing backwards, from effect to 
cause. 

VIII. This throws the arena of the ethnologist into an 
earlier period of the world's history than that of the proper 
historian. 

IX. It is the method of arguing from effect to cause which 
gives to ethnology its scientific^ in opposition to its literary 
aspect, placing it, thereby, in the same category with 
geology, as a palseontological science.* Hence it is the 
science of a method, a method by which inference does 
the work of testimony. Furthermore, ethnology is history 
in respect to its results ; geology in respect to its method ; 
and in the same way that geology has its zoological, physio- 
logical, and such other aspects as constitute it a mixed 
science, ethnology has them also. 

* It is scarcely necessary to inform the reader that both this term and the 
classification are from WheweU's History of the Inductive Sciences. 
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X. The simple record of facts constitutes ethnography, or 
descriptive ethnology. 

XI. The application of these to the investigation of 
unascertained phenomena is general ethnology, or (simply) 
ethnology. 

XII. The highest ethnological problems are those con- 
nected with 1, the unity ; 2, the geographical origin ; 3, the 
antiquity ; and 4, the future destination, upon earth, of man. 
It arrives at these by its own proper and peculiar methods. 

XIII. Ethnological classification deals with connection in 
the way of descent and a£Bliation only. It has no such 
object as the arrangement of individuals or classes according 
to any common physical or moral characteristics, except so 
far as these indicate community of origin. 

XIV. In the present condition of the science, the appre- 
ciation of facts is of equal importance with the collection of 
them. 

XV. A fact may be appreciated either as a characteristic 
or as an influence. 

XVI. Facts used as signs or characteristics ; and, as such, 
mostly applied to the purposes of classification, are either 
physical or moral ; physical^ as when we determine a class 
from the colour of the skin ; morale as when we determine 
one from the purity or impurity of the habits. 

XVII. Moral characteristics are either philological (/. e, con- 
nected with the language) or non-philological (i, e. not so 
connected). 

XVIII. As elements of classification, the wow-philological 
moral characters are of less value than the philological ; 
since common conditions develop common habits ; whereas 
nothing but imitation determines the use of similar combina- 
tions of articulate sounds in different languages. 

XIX. In the way, too, of physical characteristics, common 
conditions develop common points of confirmation. Hence, 
as elements of classification, physical characters are of less 
value than the philological moral ones. 

XX. On the other hand, as measures of the efiects of com- 
mon influences, physical structure and the non-philological 
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moral elements are of more value than the phenomena of 
language. 

XXI. Facts requiring appreciation as influmces^ like those 
requiring appreciation as signs^ are moral as well as physical. 
Have moral or physical causes most to do with premature 
nubility* and the want of variety in the expression of indivi- 
dual countenances % 

XXII. Unity of the Buman Species. A protoplast is an 
organised individujp^l, capable (either singly or as on« of a 
pair) of propagating individuals ; itself having been propa- 
gated by no such previous individual or pair. 

XXIII. The definition of the term species by means of 
the idea of descent from a single protoplast, has the advan- 
tage of being permanent and immutable ; inasmuch as it is 
based upon a ground that no subsequent change can set 
aside. 

" non tamen irritum 



Diffinget, infectumque reddet 
Quod fugiens scmel hora vexit." 

On the other hand the proof of the original descent is an 
inference rather than a fact either ascertained or capable of 
being so. 

XXIV. The definition of the term species upon the grounds 
of constancy of characters, has the advantage of being 
founded upon a fact capable of being ascertained. On the 
other hand, the induction which proves it may disprove it 
also. The same applies to those definitions of the term 
wherein the phenomena of hybridism play a part. 

XXV. The balance of inconveniences is, in the mind of 
the present writer, in favour of the idea of descent determin- 
ing the meaning of the word species, for human natural his- 
tory at least. 

XXVI. Hence, a species is a class of individuals, eacji of 
which is hypothetically considered to be the descendant of 
the same protoplast, or of the same pair of protoplasts. 

* FluB ad catamenia prscipltanda, et ad nubilitatem immaturam Inducendam 
vitiosam socletatis compagemquam aut ccelam aut terra, oonferre, libellis de 
OatameniiB AArarum, vicit, vir sagax, Robertonus Macuniensis. 
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XXVII. A multiplicity of protoplasts for a single species 
is a contradiction in terms. If two or more such individuals 
(or pairs), as like as the two Dromios, were the several pro- 
toplasts to several classes of organised beings (the present 
members being as like each other as their first ancestors 
wei*^), the phenomenon would be the existence in nature of 
more than one undistinguishable species, not the existence 
of more than one prptoplast to a single species. 

XXYIII. A variety is a class of individuals, each belong- 
ing to the same species, but each differing from other indivi- 
duals of the species in points wherein they agree amongst 
each other. 

XXIX. A race is a class of individuals concerning which 
there are doubts as to whether they constitute a separate 
species, or a variety of a recognised one. Hence, the term 
is eub^ective ; i. e. it applies to the opinion of the investigator 
rather than to the object of the investigation; so that its 
power is that of the symbol for an unknown quantity in 
algebra. The present writer having, as yet, found no tribe 
or family, for which a sufficient reason for raising it to a new 
species has been adduced, has either not used the word race 
at all, or used it inadvertently. Its proper place is in inves- 
tigation not in exposition. 

XXX. For an argument against the unity of the human 
species, drawn from the analogy of the lower animals, to be 
valid, it must be taken from a species co-extensive in its 
^€Ographical distribution with man. 

XXXI. To be thus co-extensive, it must not only be spread 
over a large area, but it must be spread continuously. 

XXXII. To be thus co-extensive, it must be found at 
equally high and low sea levels, as well as at equally distant 
degrees of latitude and longitude. 

XXXIII. Antiquity of the human species. — This probleim is 
most likely to be worked through the phenomena of language. 
When determined it will give precision to the recent period 
of the geologist, converting it from a relative into a conven- 
tionally absolute epoch. 

XXXIV. The average rate at which languages change is 
capable of being approximated. 
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XXXV. The maximum^ difference^ at a given period, be- 
tween two or more languages is also capable of being 
approximated. 

XXXVI. The original unity of the species is a postulate. 

XXXVII. The minimum amount of time necessary for the 
maximum amount of difference is the measure of the shortest 
admissible recent period. 

XXXVIII. The probable nature of the future changes in 
the relationship between the different varieties of man is, 
certainly, within the department of the ethnologist. In this 
case, however, he reverses his method, and arguing from the 
past and present to the future, argues from cause to effect 
also. 

XXXIX. Still his proper sphere is limited to the appre- 
ciation of physical influences. The historian measures the in- 
fluence of a great warrior. The ethnologist inquires whether 
the American of New England can be acclimatized to the 
intertropical influences of Brazil. — Latham^ s Natural History 
of Man, p. 559. 

On the Connection between the Colour and the Magnetic Pro- 
perties of Bodies, By Richard Adie, Esq., Liverpool. 
Communicated by the Author. 

In continuing my experiments* on the connection between the 
colour of bodies and their magnetism, I was desirous, in the first 
place, to determine the nature of several substances which contained 
particles that moved on a sheet of paper to a magnet underneath; 
for, in applying this test, such bodies had appeared much more 
numerous than I expected, and as I had been cautioned against the 
prevalence of iron, which by treatment may become unmasked mag- 
netically, I took care to prepare the salts free from this metal, 
and to test for iron in every stage of the operations. Notwithstand- 
ing these precautions, I found in the repetition of the experiments 
metallic particles containing carbon to move on a sheet of paper to a 
magnet underneath ; in every case such bodies forming only a small 
proportion of the pulverulent mass, made me apprehensive that there 
was yet some other impurity, rather than to suppose that this was the 
true magnetism of those particles ; an opinion that was soon con- 
firmed. For, on substituting a sheet of silver foil for the paper, I found 

* See Vol. 50, p.. 214, of this Journal. 
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that the electrified state of the dry paper surface had much influence 
in producing these movements, and that when this was guarded 
against, the number of bodies furnishing particles to be moved on 
silver by a magnet underneath, became much reduced. With the 
silver cold, they were confined to the numerous compounds of the 
three magnetic metals, iron, nickel, and cobalt ; but when the silver 
was heated, the number of such bodies began to increase. In the 
experiments in my first communication, where I used the magnet 
under a sheet of dry paper, the white and dark coloured products 
were tried under similar conditions ; so that although the magnetic 
effect was mixed up with an electrical action, the results are not 
thereby invalidated ; and at the time I kept checking them continu- 
ally, by submitting each substance in its dark and light coloured 
state to a comparative trial on the torsion balance, where the dark 
coloured one shewed most magnetic attraction. But in writing out 
an account of these experiments, I preferred, wherever I could, to 
give the paper test, as it appeared to me to be a more palpable 
proof than the other, and to admit of more easy repetition. 

To continue the evidence that shews that magnetic bodies form a 
larger proportion of dark coloured compounds than diamagnetic ones, 
I selected from Dr Turner's chemistry a list of the oxides of the 
elementary bodies I had examined for their magnetism on the torsion 
balance, which supply the following numbers :— - 



Substances Attracted by the Magnet. 


Sobstances Repelled by the Magnet. 


Transparent 
or white oxides. 


Coloured 
oxides. 


Transparent Coloured 
or white oxides. oxides. 


Carbon, . . 


2 




Bromine, 


1 


Silicon, . . 


1 




Iodine, . . 


2 ... 2 


Aluminum, . 
Sodium, . . 
Mercurv, 
Tin, I . 


1 
1 

1 !!'. 


1 
2 
2 


Phosphorus, 
Sulphur, 
Potassium, 
Cadmium, 


6 ... 1 
4 

1 ... 1 
1 


Lead, . 




6 


Zinc, . . 


1 


Copper, 
Silver, . 




3 

1 


Antimony, 
Tellurium, 


. 3 

. 1 ... 1 


Gold, . . 




2 


Bismuth, 


2 


. Platinum, 
Palladium, 




3 
2 




18 8 


Rhodium, 




1 






Arsenic, . 


. 2 








Manganese, 
Cobalt, . 




7 
3 






Nickel, 
Iron, . . 




2 
3 







37 



Id classifying these oxides I have referred to the anhydrous form, 
excepting in a few cases where this has not been insulated, for there 
the hydrated oxide is classified. From Gmelin's chemistry I se- 
lected the compounds of metals arranged in three different groups — 
the first magnetic metals ; the second, metals of feeble magnetism in 
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themselves, but magnetic in many of their compounds; and the third, 
diamagnetic metals. In reading over the descriptions of nearly 1500 
combinations for this purpose, some, the majority of which are pro- 
bably colourless, had to be omitted for the want of an explicit state- 
ment about colour; but by pursuing a uniform principle in the classi- 
fication of all, the results, it is hoped, are nearly the same as would 
be obtained by the more rigorous method of examining in the hand 
each substance before classifying it. 



Magnetic Metals. 


Metals feebly Magnetic, 
Componnds. 


Diamagnetic Metals. 




1^ 


% 




ii 


1 
1 




1| 


1 
% 


Iron, 


67 


213 


Copper, . . . 


36 


189 


Cadmium, . 


36 


13 


Kickel, . . . 


21 


88 


Manganese, . 


35 


82 


Tellurium, . 


66 


42 


Cobalt, . . . 


11 
99 


96 
396 


Arsenic, . . 


69 


92 


Zinc, .... 
Antimony, . 


78 
%6 


36 

eo" 


UO 


363 














Bismuth,. . 


26 


31 


270 


171 



To compare these numbers together in order to shew the relative 
proportion the transparent or white bodies bear to the coloured in 
each class, a common integer is found to convert the former into 100, 
thus — for every 

100 White Oxides of Magnetic Bodies, there are 336 Coloured. 

„ „ Diamagnetic, „ 47 

„ Compounds of the 3 Magnetic Metals, 400 

3 Feebly, „ 259 

„ if yy 6 Diamagnetic, 63 

Giving proportions which do not materially differ from those I had 
previously derived from the tables of the colours of the precipitates 
by the re-agents jised in testing, but being founded on the descriptions 
of a much larger number of combinations, are more satisfactory as 
evidence of the general tendency of magnetic bodies to form coloured 
combinations; the difference between these and the diamagnetic, as 
derived from Gmelin, being as 400 to 63. 

Carbon^ Nitrogen, and Hydrogen. — These elementary bodies in 
their combinations with one another, give compounds which, on the 
torsion balance, shew very clearly the influence of colour on magn^ic 
properties. Carbon and hydrogen form turpentine and naphtha, 
colourless diamagnetic fluids. Carbon and nitrogen form cyanogen; 
a colourless gas, strongly diamagnetiC| according to Faraday; they 
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also pi^uce para-cyanogen, and proto-carburet of nitrogen, two sub- 
stances of a dark colour, which, on the torsion balance, are feeblj 
attracted by the magnet. 

CoroUtB of Flowers. — The result of the trial of a number of dif- 
ferent coroUfiB on the torsion balance before a magnet, was, that the 
white colours were, when fresh, diamagnetic, while the coloured 
coroUfie varied much, the diamagnetism of many being apparently 
due to their moisture, which, at the same time, tends to make 
them transparent ; moreover, I observed that change of season and of 
the site of the flowering plant frequently had an influence. From 
these experiments I may select one or two which serve to shew the 
connection of colour with magnetic properties . Two cineraria flowers 
were tried, the one white^ tipped with crimson, the other a rich 
strong blue; the white was inert, while the blue was decidedly at- 
tracted. The corollsB of the pile-wort and dandelion were compared 
together, the first being attracted, the second repelled. The pile- 
wort is an early spring flower, peculiar in its glistening surface, that 
gives it a varnished appearance. Our fruij; shops in the winter season 
abound with dyed everlasting flowers imported from France, which 
contain colours that shew very well the change of magnetic proper- 
ties, and bekig in a dried state, the results are not subject to that 
disturbance which the moisture of fresh flowers occasions ; the pale 
yellow is diamagnetic, the dyed chrome-yellow nearly inert, the 
verdigris-green feebly magnetic, and the logwood-purple magnetic. 
I believe the effect of the sun's rays on the colours of plants has been 
noted ; in the course of the above experiments I had to attend to 
the nature of these changes. Solar rays bleach dead vegetable matter 
with rapidity, while in living parts of plants their action is frequently 
to strec^hen the colour ; two opposite effects, which, according to 
my experiments, should be accompanied by different magnetic pro- 
perties. The bleaching power of the sun's rays is familiar to every 
one ; their power in developing fine colours is perhaps best seen on 
the sides of peaches, apricots, apples, &c., &c., in these the sides ex- 
posed to the midsummer sun being highly coloured. During the last 
open winter a wallflower plant afforded me the proof of a like effect ; 
in the dark months there was a slow succession of one or two flowers, 
to give it the appearance of flowering all the winter ; these were of a 
uniform pale yellow hue ; in March streaks of a darker colour ap- 
peared on the flowers, and continued slowly to increase, till, ip April, 
they were variegated brown and yellow, of rich strong colours. On 
the supposition that these changes are accompanied by alterations of 
magnetic properties, we may hereafter be able to explain Mrs Som- 
merville's experiments on steel needles exposed to the sun^s rays 
under envelopes of silks of various colours. The results obtained by 
that distinguished lady have been the source of much discussion among 
men of science ; and there can be no doubt that the most rigid ex- 
periments have failed to magnetize steel needles in the coloured rays 
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of the spectrum. But to magnetize them under envelopes of djed 
silk is quite a different experiment, and if I do not much mistake, 
the effect in this case will hinge on the chemical change wrought in 
the silk and its dye by the solar rays ; consequently, to repeat the 
experiments hereafter, it will be necessary to attend to the materials 
used in the dyeing. 

In concluding this inquiry I may repeat, that I view the nature 
of the connection between colour and magnetism to be, that there 
are forces which act in common on the magnetism and the power of 
the body in transmitting or reflecting light. Faraday and Plucker 
have previously shewn the intimate connection between the crystalline 
and the magnetic force ; while the tendency of my experiments has 
been to shew that the colour, a property much more strongly attached 
to a body than its crystalline force, is likewise connected with the 
magnetism. When a number of bodies are grouped together the 
connection is seen clearly enough ; but w^hen single cases only are ex- 
amined, apparent contradictions are not unfrequent. This appears 
to me to indicate that colour and magnetism are mixed up with other 
qualities derived from the forces of aggregation, together giving the 
varied properties possessed by the bodies by which we are on every 
side surrounded, while the further knowledge for the unfolding of 
these may demand the labour of countless ages to come. 



A Comparative Examination of the Objective Glasses of Micro- 
scopes^ from Mr Ross of London^ Mr Spencer of America^ 
and M. Nachez of Paris, By J. Lawreis^ce Smith, Esq. 

Having had an opportunity a short time since, while at 
Paris, to examine the comparative merit of the lenses of 
these makers, it might not be uninteresting to mieroscopists 
to know the result of my examination, particularly as it was 
made under peculiar circumstances — namely, by adapting 
alternately the objectives to the same mounting, and regard- 
ing the same object under the same illumination. 

The glasses used were considered by their makers as among 
their best. That made by Ross was in the possession of M. 
Rutherford of U. S. Spencer's was owned by Dr Burnet of 
Boston, and had just been brought by him from Spencer. 
That of Nachez belonged to Dr Bigelow of Boston, now in 
Europe, engaged in microscopic research very creditable to 
himself. Their magnifying powers varied from thirteen 
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hundred to fifteen hundred diameters, with an ocular mag- 
nifying ten times ; Boss's was the feeblest, that of Spencer 
the strongest. 

The angular opening was first measured with great fMxni- 
racy, and found as follows : — 

Ross, 146^ 

Spencer, .... 135** 
Nachez, .... 120^ 

These measurements were all verified by the respective 
owners of these lenses. 

The objects examined were the most difficult test-objects 
among the silicious infusoria, as the Navicula angulata, one 
of the species of Gramatophora, and a Navicula called the 
Amici test. The first two were in balsam. 

The lenses were first attached to one of Nachez's mount- 
ing, and the best adjustment of oblique light used that this 
instrument afibrds. The diflFerence in the effect of the three 
lenses was very slight, all failing to show the lines on the 
Gramatophora, or on the Amici test. As, notwithstanding 
the admirable arrangement of Nachez*s instrument for work* 
ing purpose, we do not get the extreme obliquity of light 
which is required for examining their fine lines, I had them 
all arranged in a mounting of Amici, which furnishes the 
necessary obliquity of light. Thus arranged, the lines on 
the Gramatophora were distinctly and beautifully seen by all, 
with slight advantages in favour of Spencer and Ross» the 
former of which magnified them most. 

The Amici test was next tried, which resulted in Boss 
showing the lines with perfect satisfaction ; Spencer shewing 
them, but not quite so well ; Nachez still less distinctly. 

I would remark that this difference between the lenses 
appears to be owing entirely to difference in the angle of 
opening ; for where a very oblique light is necessary to shew 
lines, the lenses must be so constructed as to admit this light. 
I would also state that Nachez's system lacks an adjustment 
which the others have, by which the relative position of the 
lenses can be changed, so as to compensate for the thickness 
of the glass which covers the object, and which appears 
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favaurable to the examinfttion of those delicate testgr. Foi? 
the examination of globules we could not perceive ittiy ap- 
preciable difference between the lenses. 

I would here remark, in justice to M. Nachez, that he de- 
serves much praise for the manner in which he has improved 
the microscope in France without augmenting the cost of the 
instrument ; and out of England he is undoubtedly the best 
maker in Europe. To furnish an idea of what he has done 
to diminish the cost of a good instrument, I will compare the 
price of the objectives which have been the subject of the 
experiments. 

Ross, 306 francs. 

Spencer, .... 230 ... 
Nachez, .... 60 

And what is still more, he is constantly improving his lenses, 
without adding to their expense. 

The lower powers of these makers were examined without 
finding any sensible difference in the defining effects of them, 
and what little there was, was in favour of Spencer. The 
field of the three differed ; Nachez*s being the least, and 
Spencer's the greatest. We cannot bestow too much praise 
on our American maker for the immense progress which he 
has made in the construction of objective lenses ; and it is to 
be regretted that he has not chosen a better mounting for them 
than that of Chevalier, which is very defective, and prevents 
good glasses from showing their best effects. 

I had intended making some remarks on oblique light, 
which has come very much in use lately in observing lines 
and points on certain objects ; but it will be better for me to 
defer H. I would simply remark, that much caution is 
necessary in using it, as it will not always give correct dis- 
tances between lines, — American Jottmalof Science andAfte^ 
vol. xi., No. 32, p. 277. 



Digiti 



zed by Google 



( w ) 



On the Currents of the Atlantic, and the Existence 0/ ths 
North'West Passage. 

Lieutenant Maury says, that in studying the system of 
oceanic circulation he had found it necessary to set out with 
a very obvious and simple principle — viz., that from what- 
ever part of the ocean a current was found to run, to the 
same part a current of equal volume was obliged to return. 
Upon this principle was established the whole system of 
currents and counter-currents. It is not necessary to asso- 
ciate with oceanic currents the idea that they must of 
necessity, as on land, run from a higher to a lower level. 
So far from this being the case, some currents of the sea 
actually run up hill, while others run on a level. The Gulf 
Stream was of the first class. The bottom of this stream he 
had shewn some years since to be an inclined plane, running 
upwards. If the Gulf Stream was two hundred fathoms 
deep in the Florida Pass, and but one hundred fathoms off 
Hatteras, it is evident that the bottom would be uplifted 100 
fathoms within that distance, and that, while the bottom of 
the Gulf Stream was up hill, the top preserved the water-level, 
or nearly so. The currents which run from the Atlantic into 
the Mediterranean, and from the Indian Ocean into the Red 
Sea, were the reverse of this, that the bottom of the current 
was a water-level, and the top an inclined plane running down 
hill. The Red Sea, for example, lies for the most .part in a 
rainless and riverless district. It may be compared to a long 
narrow trough. It is about one thousand miles long, extend- 
ing nearly north and south, from latitude 12® or 13^ to the 
parallel! of 30® N. The evaporation from its surface is im- 
mense, and may be safely assumed to equal a rate of two- 
tenths of an inch per day. Now, if we suppose the current 
which runs into this sea to average from mouth to head 
twenty miles a day, it would take the water fifty days to 
reach the head of it. If it lose two-tenths of an inch from 
its surface daily by evaporation, by the time it reached the 
isthmus of Suez it would have lost ten inches from its sur- 
face. Thus the waters of the Red Sea ought to be lower 
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at the isthmus of Suez than at the straits of Babelmandel. 
They ought to be lower from two causes — viz., evaporation 
and temperature ; for the temperature of that sea is neces- 
sarily lower at Suez, in latitude 30°, than at Babelmandel, 
in latitude 13°. To make this quite clear, suppose the 
channel of the Red Sea to have no water in it, and a wave 
ten feet high to enter the straits, and flow up this channel 
at the rate of twenty miles a day for fifty days, losing daily 
by evaporation two-tenths of an inch, it is easy to perceive 
that at the end of the fiftieth day it would not be so high, by 
ten inches, as it was the first day it commenced to flow. 
The top of this sea, therefore, is probably an inclined plane. 
But the salt water which has lost so much of its freshness 
by evaporation, becomes Salter, and therefore heavier. The 
lighter water at the straits cannot balance the heavier, colder, 
and Salter water at the isthmus, and therefore the heavier 
water must either run out as an under-current, or it must 
deposit its surplus salt, and thus gradually make the bottom 
of the Red Sea a salt-bed. As we know that this latter 
process is not going on, we infer that there is from the Red 
Sea an under or outer current, as from the Mediterranean 
through the Straits of Gibraltar. The rivers which dis- 
charge into the Mediterranean are not sufficient to supply 
the waste of evaporation, and it is by this under-current that 
the salt carried in from the ocean is returned to it again ; 
were it not so, the bed of that sea would be a mass of solid 
salt. Thus it is that by a system of compensation the equili- 
brium of the seas is maintained. 

Lieutenant Maury said that he had noticed this fact, that, 
inasmuch as the Gulf Stream was a bed of warm water, 
lying between banks of cold water, the warm water was 
lighter, and therefore the surface of the Gulf Stream was in 
the shape of a double inclined plane, like the roof of a house, 
down which there was a shallow surface or roof current, 
from the middle towards either edge of the stream. This 
fact had been confirmed in a singular way : a person who 
had been engaged on the coast survey, with observations on 
the Gulf Stream, had noticed that when he tried the cur- 
rent in a boat, he found it sometimes one way, sometimes 
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another, but scarcely ever in the true direction ; whereas the 
vessel, which drew more water, shewed it constantly in one 
direction. 

Lieutenant Maury also called attention to this remarkable 
fact, that though there be well known currents which bring 
immense volumes of water into the Atlantic, we know of 
none which carry it out again, and which, according to the 
principle before stated, ought to be found running back 
from that ocean. The La Plata, the Amazon, the Mississippi, 
and St Lawrence, with many other rivers, run into this very 
small ocean, and it is not probable that all of these waters 
are taken up from it again by evaporation ; yet the sea is 
not full. Where does the surplus go? The ice-bearing 
current, from Davis' Straits, which is counter ^to the Gulf 
Stream, moves an immense volume of water down towards 
the equator. The ice-bearing current which runs from the 
Antarctic regions, and passes near Cape Horn into the 
Atlantic, and the LaguUas current which sweeps into it around 
the Cape of Good Hope, both move immense volumes of 
water, and bear it along also towards the equator. This 
water must get out again, or the Atlantic would be con- 
stantly rising. A part of the Gulf Stream runs around North 
Gape into the Arctic Ocean. The thermal charts now in pro- 
cess of construction, under the direction of Lieutenant Maury, 
at the National Observatory, prove this, as also the charts of 
Professor Dove of Berlin. But this current probably per- 
forms its circuit of the Arctic Ocean, and retufns to the 
Atlantic with increased volume. The great rivers of Northern 
America, Asia, and Europe, that empty into the Frozen 
Ocean, as well as the current from the Pacific into Behring's 
Straits, all sources of supply, serve, in the opinion of Lieu- 
tenant Maury, to swell the current down from Baffin's Bay 
through Davis' Straits into the Atlantic. 

That there was an open water communication, sometimes 
at least, from Behring's Straits to Baffin's Bay, had been all 
but proved by the results of investigations undertaken about 
ten years ago, at the National Observatory, with regard to 
the habits, migrations, &c. of the whale. These investiga- 
tions were conducted in such a manner as to shewy by a 
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^lanoe At the chart, in wtiait parts of the ocean, and in what 
months of the j^ear whales had and had not iboen seen. 
These investigations soon led to the discovery, that to the 
xd^t whale the equator is a wall of fire : that that animal is 
never found near it, seldom or never within <a thousand nuks 
or more of it >on either side. Tbis £aot induced Lieuitenant 
Maury io inquire of ihe whalemen whether the sight whale 
x>f the northern and of the souihem ^hemispbenes was the 
Bmaae animal. TJae answer was, ** No/' The right whale of 
the latter region, as described by these men, is » small pale 
^miMtal, the largest scaroely yielding more than fifty 'barrels 
of old. Whereas that of the northern region is a large daork 
<animal, yielding frequently to the single fish /upwards of two 
hundred barrels. About this time a iv^ale-ship returned from 
a voyage ihroi^ Bebriug^s Straits, where she jdso found 
the ri^ whale of the North Pacific. This faat induced the 
further inquiry, as to whether the right whale of Behring's 
Straits, and the right whale of Da^vis* Straits were the sarme 
aoiknal. For since the fact has been established, that the 
rij^t whale of the North Pacific could not cross the equa- 
tor, and therefore could not get into the North Atlantic 
by either of the Gapes, a reiply in the affirmative to this 
inquiry would be another link in the chain •of circumstantial 
evidence going to prove the existence of a so-called north- 
west passage. The answer from the whalemen, in this in- 
-stanoe was, in effect, — ^** We have not had .an jc^portunity of 
comparing the two animals, except ^fter long intervals-; hut 
'SO far as we can judge, they .are the same fish."' So far as 
the other facts go, it would appear probable that there is, at 
times ^t least, an open water communication between the 
two straits ; for the instincts of the whalQ, one might sifppose 
would prevent him from sounding under icebergs, meither 
could he pass under barriers of great depth or breadth. 
Seeis^ that water runs through Behring*s Straits from the 
Pacific, as well as round the Capes into the Ai^antiq, where, 
tb6Pefore> was the escape current from the Atlantic i The 
trade-winds. Lieutenant Maury was prepared to shew, w^ere 
the great evaporating winds. They were ,the winds which, 
Teturnii^g from the Polar region^, deprived of all the mois- 
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tame which ihe hyperborean dew points could compress from 
tfaem, first came in e<mtact with the surface of the earth, and, 
eonsequently, with an evaporating surface, when they were 
first felt as trades, and where, therefore, they were dry winds. 
Now, could the vapour taken up by tiiese winds so' increase 
the salltness of this sea in the trade-wind region, as to make 
the water there, though warmer, yet superficially heavier than 
that below, and also than that witibin the regions of variable 
winds and *^ constant precipitation.'" If so, might we not 
have the anomaly of a warm under-current in the South 
Atlantic Ocean, for that was the only place of escape for a 
oounter current from tiiie Atlantic V^^Proceedin^s oftheAmerv' 
can Association^ Charleston. 



Optical Examination of several American Micas. By B. SiLLi- 
MAN, Junior, A.M., M.D., &c. 

(Contlpued from p. 345.) 

In the Mcompanying tables we have given for eadi speci- 
men measuiPed, its locality^ colour^tiie source whence received, 
the angle between the optic axes, and other observations 
bearing on their history. It may afford a more correct im- 
pression of the present state of this inveadiigation to remark 
tbat specimejis from over <me hundred American localities of 
mica have been e^mined besides a considerable number of 
UQcertaijoi locality ; and from maiiy of these localities very 
numerous specimens have ,been measured. Thus there have 
been measured of muscovite specimens from about 50 locali- 
ties ; of phlogopite over 30 ; of euphyllite 2 ; of margarodite 
1 ; of biotite about 12 ; and of doubtful species 3 or 4. 

JBiotiie, --^The number of localities iu the United States 
furnishing uniaxial mica (biotite) has been constantly di- 
minisbiiQg since the oammenceme^t pf these investigations, 
as in€0reased skill in observation and improved means of ex- 
amination have shewn one alter another of the reddish and 
yellow or brown coloured micas to have more or less decidedly 
the characters of phlogopite. 

Thus the dark brown mica of Fine, the red micas of 



Digiti 



zed by Google 



56 Dr B. Silliman, Junior's, Optical Examination 

Moriah, of Sterling, of Franklin, and of Gouvcameur, haye 
successively been thrown out of the list of biotites into the 
binaxial species. Others remain in doubt as those of 
Topsham, Me., and Easton, Pa. 

Greenwood Furnace, Monroe, Orange County, N. Y., is the 
locality of a very remarkable and perfectly crystallized 
biotite. It is figured by Beck,* and fully described also by 
Dana,t and it appears to have been analyzed by von Kobell,^ 
as quoted by both the authors just cited. The remarks made 
on a previous page respecting the equivocal optical character 
of some of the micas apply to this variety also. It is opaque 
in plates over one-twelfth of an inch thick, but of rich olive 
green in thin plates. 

The figure of its rings under polarized lighi is decidedly 
elliptical, but not so much so perhaps as to require any other 
explanation than the remark of Biot, before quoted, respects 
ing the power of thin plates to disturb the ray and produce 
the effect of binaxial structure in a uniaxial crystal. The 
author has a new analysis of this variety in progress, the 
results of which he will present on a future occasion. The 
chemical constitution of very few American biotites has been 
examined : indeed the locality just referred to is the only one 
cited. Yon Eobell's result corresponds with the formula 
given on page 375. 

Mica of Monroe, N.V. — This mica from the same town as 
the last is also uniaxial and gives a figure almost entirely 
circular. It is distinguished by its bronze lustre and dark 
greenish olive colour inclining to grey or black. It is im- 
perfectly transparent, having by transmitted light a dusky 
or hazy appearance. It occurs in plates of immense size, 
which are marked on the cleavage surfaces with rhombic and 
triangular figures (no distinct lateral planes have» however, 
been found), as well as with transverse cleavage lines. It is 
slightly elastic but very tough. One specimen which the 
ai^thor has seen in the cabinet of Mr C. M. Wheatley in New 
York is nearly two feet in diameter. Mr Horton of Monroe 
has also furnished the writer with numerous very large speci- 

* MIn., N. Y., p. 37. t Min. (1850), 360. t Kastn. Archv., zii., 29. 
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mens. No analysis of it has been published, but the author 
hopes to present one at a future time. 

The white mica of Easton Pa., which is very silvery and 
slightly elastic and opaque in thick plates, is probably abiotite, 
and, excepting the very similar white mica of Amity, N. Y., 
is the only white uniaxial variety yet noticed in this country. 

The Black Micas are almost universally referable to the 
species biotite, although many micas usually called black in 
collections are in reality dark brown and olive green, and are 
frequently referable to phlogopite. Unfortunately very few 
of the localities of this variety of colour found in cabinets are 
labelled. I have one from Moors Slide on the Ottawa in 
Canada, furnished me by Mr Hunt of the Canada Geological 
Commission. Another black mica is found in St Lawrence 
Co., N. Y., of which specimens were obtained by the author 
from the cabinets of Mr Wheatley and of the N. Y. Lyceum 
in New York. Two black micas from the Cambridge cabinet 
are uniaxial, locality not known. 

Geological Relations. -^^It is worthy of notice that the species 
muscovite is found almost entirely in granitic rocks ; in no 
instance as far as I have seen, has a specimen of this species 
been found in a lime rock. On the other hand, the phlogo- 
pites, with a single exception, so far as has been ascertained, 
are found in limestone and often in dolomitic beds. The 
biotite is less well determined, but, as regards the black micas, 
they are always, it is believed, found in granitic rocks. Thus 
New England is the region of muscovites, and northern New 
York, New Jersey and Canada, that of phlogopite. The few 
specimens of muscovite from St Lawrence Co. were obtained 
from granite boulders. The only specimen of phlogopite yet 
observed in New England is from Carlisle in Mass., where 
also it is found in a limestone vein with chondrodite and 
fibrolite, an interesting confirmation of the suggestion here 
put forth. Can this distribution be unconnected with the 
chemical composition of the several compounds ? The mag- 
nesian character of the phlogopites would seem to indicate 
the dolomitic position of the species, while the absence of this 
element in the muscovites is a negative fact of equal signifi- 
cance. 
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On Atmospheric Magnetism. By Professor Fakaday.* 

On a former occasion it was shewn that oxygen gas was 
magnetic, being attracted towards the poles of a magnet ; and 
that like other magnetic bodies, it lost and gained in power 
as its temperature was raised and lowered, and that the 
change occurred within the range of natural temperatures. 
These properties it carries into the atmosphere ; and the 
object of this lecture was to shew how for they might be ap- 
plied to explain certain of the observed variations of the 
terrestrial magnetic force. . 

If a source of magnetic power be considered (as a magnet) 
it presents us with a system having polarity ; and if the parts 
which are called the poles be taken as representing the most 
concentrated condition of the polarity, then the contrary 
polarities, manifest externally in relation to the magnet, are- 
perfectly definite, being exactly equal to each other. If the 
magnet be irregular in the disposition of its force, still the 
same definite character of the sum of the contrary polarities 
holds good. 

External to the magnet those pon€entration& which are 
named poles may be considered as connected by what are 
called magnetic curves, or lines of magnetic force, existing 
in the space around. These phrases have a high meaning, 
and represent the ideality of magnetism. They imply not 
merely the directions of force, which are made manifest when 
a little magnet, or a crystal, or other subject of magnetic 
action is placed amongst them, but those lines of power which 
connect and sustain the polarities, and exist as much when 
there is no magnetic needle or crystal there as when there 
is ; having an independent existence analogous to (though 
very different in nature from) a ray of light or heat, which, 
though it be present in a given space, and even occupies 
time in its transmission, is absolutely insensible to us by any 
means whilst it remains a ray, and is only made known 
through its effects when it ceases to exist. The form of a 

* Abstract of a Lecture read to the Royal Institation of Great Britain, on 
the 14th April 1851. 



Digiti 



zed by Google 



On Atmospheric Moffnelism. 63 

line of magnetic force may vary exceedingly from a straight 
line to every degree of curvature, and may even have double 
and complicated curvatures impressed upon it. Its direction 
is determined by its polarity, the two changing together. 
Its powers are sucb, that a magnetic needle placed in it 
finds its place of rest parallel to it ; a crystal of calcareous 
spar turns until its optic axis is transverse to it ; and a wire 
which is unaffected when moved in or along it, has an elec- 
tric current evolved the instant that it passes across it : by 
these and by other means the presence of the magnetic line 
of force and its direction are rendered manifest. 
V The Earth is a great magnet : its power, according to Gauss, 
being equal to that which would be conferred if every cubic 
yard of it contained six one-pound magnets ; the sum of the 
force iiierefore is equal to 8,464,000,000,000,000,000,0©0 
such magnets. The disposition of this magnetic force is not 
regular, nor are there any points on the surface which can 
be properly called poles : still the regions of polarity are in 
high north and south latitudes ; and these are connected by 
lines of magnetic force (being the lines of direction) which, 
generally speaking, rise out of the earth in one (magnetic) 
hemisphere, and passing in varied directions over the equa- 
torial regions into the other hemisphere, there enter into the 
earth to complete the known circuit of power. A free needle 
shews the presence and direction of these lines. In London 
they issue from the earth at an angle of about 69** with the 
horizon (being the dip or inclination) ; and the plane in which 
they rise forms an angle of 23° W. nearly with true north, 
giving what is called west declination. Where the dip is 
small, as at the magnetic equator, these lines scarcely rise 
out of the earth and pass but a little way above the surface ; 
but where it is large, as in northern or southern latitudes,. 
they rise up at a greater angle, and pass into the distant 
realms of space, from whence they return again to the earth 
in the opposite magnetic hemisphere ; thus investing the 
globe with a system of forces like that about an ordinary 
magnet, which wherever it passes through the atmosphere 
is subject to the changing action of its magnetic oxygen. 
There is every reason to believe that these lines are held in 
the earth, out of which they arise and by which they are 
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produced, just as the lines which originate in a magnet are 
held by it, though not in the same degree ; and that any 
disturbance from above affecting them will cause a greater 
change in their place and direction in the atmosphere and 
space above, than in the earth beneath. 

The system of lines of magnetic force around a magnet or 
the earth is related by a lateral tension of the whole, analo- 
gous in some degree to the lateral tension of lines of static 
electrical force ; both the one and the other being easily 
made manifest by experiment. The disturbance of the ten- 
sion in one part is accompanied instantly by a disturbance 
of the tension in every other part ; for as the sum of the 
external powers of a system, unaltered at its origin, is definite 
and cannot be changed ; so any alteration either of intensity 
or direction amongst the lines of force at one place, must be 
accompanied by a corresponding change at every other. So 
if a mass of soft iron on the east side of a magnet causes a 
concentration of the lines of force from the magnet on that 
side, a corresponding expansion or opening out of the lines 
on the west side must be and is at the same time produced ; 
or if the sun, on rising in the east, renders all the oxygen 
of the air on that side of the globe less magnetic and less 
able therefore to favour the transition of the lines of terres- 
trial force there, a greater number of them will be deter- 
mined through the western region ; and even though the 
the lines of force may be doubted by some as having a sep^ 
rate existence such as that above assumed, still no error as 
to the effects on magnetic needles would in that case be in- 
troduced, for they by experiment would be and are the same. 

The power of a magnetic body as iron or oxygen to favour 
the transmission of lines of force through it more than other 
bodies not magnetic, may be expressed by the term conduc- 
tion. Different bodies, as iron, nickel, oxygen, conduct in 
various degrees, and not only that, but the same body as 
iron or oxygen conducts in different degrees at different 
temperatures. When space traversed by uniform lines of 
magnetic force is occupied by a uniform body as air, the dis- 
position of the lines is not altered ; but if a better conduct- 
ing substance than the air is introduced, so as to occupy 
part of the space, the lines are concentrated in it, and drawn 
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from other parts as shewn by P P in the figure,/ or if a 
worse conducting substance is introduced, the lines are 







opened out^as at D D. In both cases the lines of force are 
inflected, and a small tnagnetic needle standing in them at the 
inflected part would have its direction changed accordingly. 
Experimental illustrations of these changes in direction are 
given in Mr Faraday's paper in the Philosophical Transac- 
tions for 1851, Part I. Par. 2843, &c ' 

Now this by the hypothesis is assumed to take place in 
the atmosphere. Supposing it all at mean temperature, the 
lines of force would have the direction determined by the 
arrangement of the power within the earth. Then the sun's 
presence in the east would make all the atmosphere in that 
region a worse conductor, l^nd cause it to assume the cha- 
racter of D ; and as the sun came up to and passed over the 
meridian and away to the west, the atmosphere under hia 
influence would bring up changes in /direction . like those 
shewn in either D or D ; it would therefore manifestly set 
a needle in a given latitude in opposite directions^ as it passed 
by ; and as evidently set two needles in north and south 
latitudes in opposite directions at the same moment of time. 
As the night came on and a temperature lower than the 
mean came up from the east and passed over, the lines of 
force would be inflected as in P or P,,and a reverse variation 
of the needle to that which occurred before would now take 
place. 

That natural efifects of variation must be produced con- 
sequent upon the magnetic nature of oxygen and its daily 
variations of temperature is manifest; but whether they 
cause the observed variations, or are competent to do so, is 
a question that can only be decided after very careful inquiry. 
Observations are now made on the surface of the earth with 
extreme care in many places, and these are collated, and the 
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average or mean result, as to direction and intensity of the 
earth's force, ascertained for every hour and season ; and 
also many remarkable, anomalous, and extra results evolved. 
A theory of the causes of any or all of these variations may 
be examined first by the direction which the varying needle 
does or ought to assume, and then by the amount of the 
variation. The hypothesis now brought forward has been 
compared with the mean daily variation for all the months 
in the year at north and south stations, as Toronto and 
Hobarton, and at many others near to and far from the 
equator, and agrees in direction with the. results observed 
far beyond what the author anticipated. Thus the paths de- 
scribed by the upper ends of free needles in the north and 
south hemispheres should be closed curves, with the motion 
in opposite and certain directions, and so they are : — ^the 
curves described by needles in north or south latitudes should 
be larger in summer and smaller in winter, and so they are : 
— a night or cold action should grow up in the winter months, 
and such is the case : — the northern hemisphere ought to 
have a certain predominance over the southern, because of 
its superior temperature, and that is so : — the disposition of 
land and water ought to have an influence, and there is one 
in the right direction : — so that in the first statement and 
examination of the hypothesis it appears to be remarkably 
supported by the facts. ' All these coincidences are particu- 
larly examined into and stated in the Philosophical Transac- 
tions already referred to. The next step will be to ascer- 
tain what is the amount of change in the conducting power 
of the air for giving changes of temperature, and then to 
apply that in the endeavour to ascertain whether the amount 
of change to be expected is (as well as the direction) accord- 
ant with that which really occurs. 

M. F. 



Digiti 



zed by Google 



( 67 ) 

On some Properties peculiar to Caoutchouc^ and their 
Applications. By Mr Brockedon.* 

Caoutchouc is a vegetable constituent, the produce of se- 
reral trees; the most prolific in this substance are, Siphonia 
Caoutchouc^ Urceola elastica^ Ficus elastica^ &fc. ; of these 
the Siphonia Caoutchouc extends over a vast district in Cen- 
tral America, and the caoutchouc obtained from this tree is 
best adapted for its manufactures. Over more than 10,000 
square miles in Assam the Ficus elastica is abundant. The 
Urceola elastica (which produces the Gintawan of the Malays,) 
abounds in the islands of the Indian Archipelago. It is de- 
scribed as a creeper of growth so rapid, that in five years it 
extends 200 feet, and is from 20 to 30 inches in girth. This 
tree can, without being injured, yield by tapping, from 50 to 
60 lb. of caoutchouc in one season. A curious contrast is 
exhibited in the tardy growth of the tree from which the 
Gutta Percha is obtained. This tree does not come to its 
prime in less than from 80 to 120 years. The produce can- 
not be obtained but by the sacrifice of the tree. It is found 
in a concrete state between the bark and the wood after the 
tree has been cut down, and it is in this condition that, hav- 
ing been scraped out, it is sent to our market. 

When coagulated by evaporation or agitation, caoutchouc 
separates from the aqueous portion of the sap of the trees 
which yield it. This solid and fluid cannot afterwards be 
reunited, any more than butter is capable of mixing with the 
milk from which it is separated. Caoutchouc is a hydro- 
carbon. This chemical character belongs to all varieties of 
the substance, and many other vegetable constituents, though 
they difi^er materially in physical qualities. Some specimens 
are harder than Gutta Percha itself, while others never solid- 
ify but remain in the condition of bird-lime or treacle. 

The process termed the vulcanizing of caoutchouc was dis- 
covered by Mr Thomas Hancock in 1843. — ^A sheet of caout- 
chouc immersed in melted sulphur absorbs a portion of it, 
and at the same time it undergoes some important changes 

* Abstract of a Communication read to the Royal Institution, March 21, 1851. 
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in many of its cbaracteristic properties. It is no longer 
afiFected by climatic temperature ; it is neither hardened by 
cold nor softened by any heat which would not destroy it. 
It ceases to be soluble in the solvents of common caoutchouc, 
while its elasticity becomes greatly augmented and perma- 
nent. 

The same effect may be produced by kneading sulphur into 
caoutchouc by means of powerful rollers ; or the common 
solvents, naphtha and spirit of turpentine, may be charged 
with a sufficient amount of sulphur in solution to become a 
compound solvent of rubber. In these cases articles may be 
made in any required forms before heating for the change of 
xjohdition. It is necessary, however, for this purpose, that 
the form shoiild be carefully maintained during the exposure 
to the heat necessary to effect the vulcanization which leaves 

: it in a normal state. A vulcanized solid sphere of 2^ inches 
in diameter, when forced between two rollers J inch apart 
was found to maintain its form uninjured. In 'fact, it is the 
exclusive property of vulcanized caoutchouc to be able to re- 
tain any form impressed upon it, and to return to that form 
on the removal of any disturbing force which has been brought 
to act upon it. 

Caoutchouc slightly expands and contracts in different 

, temperatures ; it is also capable of being, condensed under 
pressure. A tube of 2J inches, impactly secured, was sub- 
jeicted to a force of 200 tons. The result was a compression 
amoiinting to yV ; — ^great heat appeared to have been evolved, 
and the excessive elasticity of the substance caused a fly- 
wheel weighing five tons to recoil with an alarming violence. 
The evolution of heatf rom caoutchouc under condensation 
is a property possessed by it in common with air and the 
metals. It differs, huwever, from the latter in being able to 
exhibit c6ld by reaction. Mr Brockedon stated that he had 
raised the temperature of an ounce of water 2° in about 16 
minutes by collecting the heat evolved by the extension of 
•caoutchouc thread : he refers this effect to the change in 
specific gravity. He contends that this heat thus produced 
is not due to friction ; because the same amount of friction 
is occasioned in the contraction as in the extension of the 
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substance, and the result of this contraction is^ to reduce the 
caoutchouc thus acted upon to its original temperature. 

Among the latest applications of the elastic A>rce of caout- 
chouc — the chief purport of Mr Brockedon's lecture — atten- 
tion was directed : 

1- To Mr E. Smith's patent application of tubes of vulcan- 
ized caoutchouc as torsion springs to roller blinds, — ^adjusted 
to the heaviest external blinds of houses, or the most delicate 
carriage blinds ; and equally applicable to clocks and various 
machines as a motive power. 

2. To the raising of weights (Mr Hodges' patent applica- 
tion). — Short lengths of caoutchouc (termed by him Vulcan- 
ized power-purchases) are successively drawn down from or- 
lifted to a fixed bearing, and attached to any weight which it 
is required to raise ; when a sufficient number of these power- 
purchases are fixed to the weight, their combined elastic force 
lifts it from the ground. Thus ten purchases of the elastic 
strength each of 501b. raise 500 lb. Each purchase is six < 
inches long and contains about 1^ oz. of vulcanized caoutr 
chouc. These ten purchases, if stretched to their limit of 
elasticity, not of their cohesive strength, will lift 650 lb. 
This power — the accumulation of elastic force — ^though it 
obey the common law of mechanical powers, differs enough 
to be distinguished as a new mechanical power. 

The same principle is applicable to relieve boats in tow 
from the strain they are subject to, and to easing the strain 
on ship's cables, especially where several boats are .towii^g 
one vessel. 

3. Applied as Si, projectile force. A number of ppwer-pur- 
chases, attached to the barrel of a gun constructed to project 
harpoons, will exert a power if suddenly relieved proportioned 
to their aggregate forces. 

Similar contrivances have been made for projecting balls 
200 yards or more : a. charge of No. 4 shot can be thrown 
120 yards. On the same principle a bow was contrived in 
which (reversing the usual form) the string alone was elastic ; 
this bow throws a 30-inch arrow 170 yards. 

There were also exhibited adaptations of this material, for 
restraining furious horses,— for slinging horses whose limbs 
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have been broken, — ^for enabling bed-ridden persons to assifll 
themselves, — for strengthening feeble joints, and many other 
new and valuable purposes. 



On Impressions of Bain-drops in Ancient and Modern 
Strata. By Sir Charles Lybll, F.R.S., &c,* 

Footprints of reptiles and birds have been observed on the 
surface of several ancient strata, accompanied by cracks re- 
sulting from the shrinkage of mud during desiccation, and it 
had been fairly inferred that the rocks bearing these marks 
must have been formed on a beach, between the level of high 
and low tide. It might therefore have been presumed that 
the same combination of circumstances would favour the pre- 
servation of impressions left by rain-drops, if any rain had 
fallen on the surface of the same strata, when in a state of 
mud or sand. Accordingly, memorials of rain have been 
met with, and Sir Charles Lyell exhibited specimens of fossil 
rain and hail-prints, collected by Mr Eedfield of New York, 
from the Nqw Red Sandstone of triassic age in New Jersey 
and others of still older date, obtained by Mr Richard Brown, 
from green slabs and sandstone of the Coal Measures of Cape 
Breton in Nova Scotia. 

Casts of rain-drops were first recognised in 1828 by Dr 
Buckland on the lower surfaces of slabs of quartzose sand- 
stone, found by Mr Cunningham in the Storeton Hill quarries 
in Cheshire, where they are accompanied by shrinkage cracks, 
footprints of Cheirotherium, and ripple marks. Mr Redfield 
and Sir C. Lyell observed others at Newark in New Jersey 
in 1841, in red sandstone and shale ; and still finer examples 
have been since met with at Pompton, in the same state, 
twenty-five miles from New York, by Mr Redfield. The 
Lecturer had also an opportunity of observing, in 1842, that 
a shower of rain had left numerous impressions on the mud- 
flats exposed at low water, in estuaries communicating with 
the Bay of Fundy ; and he afterwards obtained a collection 
of specimens of the hardened mud from Dr Webster of Kent- 

* Abstract of a Lecture delivered in the Royal Institution, 4th April, 1851. 
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Tille, some of which are marked by the drops of a heavy but 
transient shower which fell on the 21st of July 1849. The 
average size of the hemispherical cavities is small, but some 
of them are no less than half an inch in diameter. Many of 
them are circular, but in some the longest diameter exceeds 
the shortest by ^th, or even ^. They are surrounded by a 
small rim of mud, consisting of the matter which has been 
forcibly expelled from the pit by the falling drop ; and this 
marginal rim sometimes projects as much above the plane of 
the stratum, as the bottom of the pilf extends below it. In 
those impressions which have been made when the wind was 
blowing, and when the rain fell obliquely, the cavities are 
not only of an oval shape, but all deeper at one end than at 
the other. Footprints of birds, and the winding tubular 
tracks of annelids are seen on the same surface with the 
rain-prints. On splitting open slabs formed by numerous 
thin layers deposited by successive tides, impressions of pre- 
vious showers are seen, and casts of the same, standing out 
in relief on the under surface of incumbent layers. 

The Lecturer next considered the nature of certain small 
protuberances, which might, on a cursory view, be mistaken 
for casts, which project from the upper surface of certain 
layers of mud, and are caused, some of them by dried bubbles 
of mud, and others by small particles of solid matter, covered 
with a film of mud. He also distinguished between the cavi- 
ties produced by air-bubbles rising up through the mud, 
which give rise to cavities differing in shape from those 
formed by rain, as he has proved by several experiments. 

In illustration of the foot-tracks of quadrupeds, such as the 
musk-rat, the mine, the dog, and others, so common on the 
recent red sand of Kenfcville, on the borders of the Bay of 
Fundy in Nova Scotia, Sir C. Lyell exhibited a copy of a brick 
one foot square from Babylon, now in the British Museum, 
on which the track of a small animal of the Ichneumon tribe, 
apparently the Asiatic Mongoose, is distinctly seen. This 
brick has been sun-dried (not baked in a kiln), and must have 
been traversed by the creature, when the clay mixed with 
straw was still very soft In the middle of the brick is an 
inscription in the Babylonian cuneiform character, which 
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according to Colonel Rawlinson's interpretation signifies that 
Nabokodrossor, King of Babylon, built certain cities, &c. 
This king is the same as the Nebuchadnezzar of Scripture, 
so that the brick is twenty-four centuries old. 

When the tidal waters densely charged with fine sediment 
creep gently over a slightly inclined sand or mud bank, they 
do not disturb the surface, especially when it has been baked 
hard in the sun, as happens in summer in Nova Scotia ; and 
the new layer of matter which is thrown down, fills up all 
superficial indentations, which serving as moulds are pro- 
tected from further disturbance by the casts thus taken from 
them. 

Mf Cunningham threw out as a conjecture, that the fine- 
grained quartzose substance of Storeton Hill, might have re- 
sulted from blown sand. That such was really its origin. 
Sir C. Lyell, who has himself examined the quarries on the 
Mersey, entertains little doubt; for on the sea-shore near 
Savannah in Georgia, he saw the foot-tracks of raccoons and 
opossums which had been made in sandy mud at low water, 
in the course of being gradually filled up with blown sand, 
elonds of which were swept along by the wind from adjoin- 
ing clifi^s. This layer of sand when the tide rose again would 
in its turn be overspread by a new deposit of mud. 

After describing both the impressions and casts of rain 
occurring in the recent red mud of the Bay of Fundy, the 
Lecturer pointed out their close analogy with markings in- 
scribed on tnassic slabs of sandstones in New Jersey, on 
which also ripple-marks, shrinkage-cracks, and foot-prints of 
birds have been observed. The character of these ancient 
impressions may sometimes be seen to vary where the rain 
has fallen obliquely on rippled surfaces, the cavities being 
deeper on the windward and shallower on the leeward sides 
of the ridges formed by tha ripple. Casts of rain-prints are 
seen on the lower surface of several sandstone strata. The 
direction of the rain is usually distinguishable^ the longest 
diameters of the cavities being all parallel, and their deepest 
ends all on the same side. The markings attributed by Mr 
Redfield to hail, are deep, irregular in form, and extremely 
angular in outline ; and the walls are steeper, especially at 
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the deepest extremity of the excavation where they often 
overhang. 

The carboniferous rain-prints of Sydney, Cape Breton, 
observed by Mr Richard Brown, are some of the most deli- 
cately sculptured on the laminae of shale. In some specimens 
they are quite separate from each other, most of them oval 
and with distinct rims. Mr Brown remarks that they only 
extended over a certain narrow zone, disappearing when the 
stratum containing them was traced further in each direction ; 
so that they appear to have constituted a narrow belt, as 
might be expected if they were formed on a sea-beach. For 
when rain falls on recent mud bordering the Bay of Fundy, 
impressions are only made on one portion of the exposed sur- 
face, the upper part of the bank (left dry forten days or more 
after the highest spring tides), being too hard to receive any 
imprints, and the lower part near the water*s edge being too 
soft. In some shales from Cape Breton, perfect casts are 
seen projecting from an under surface where the drops are 
few in number, while in another stratum distinct casts of 
a heavy shower are preserved in a fine-grained sandstone 
which presents a warty and blistered appearance. The casts 
also of small cracks, which must have traversed the subjacent 
clay, stand out in relief. Together with these memorials of 
rairi are seen numerous winding cylindrical cavities, open at 
the top and precisely resembling these now formed by anne- 
lids on the recent mud of the Bay of Fundy. These strata 
occur in the same series of beds, in which so many examples 
of buried forests occur, with the trunks of trees standing 
erect, and having their roots attached to them. There are 
also numerous rippled sandstones at different levels in the 
same formation. 

On re-examining the slab which he brought in 1846 from 
the coal-strata of Greensburg, Pennsylvania, on which Dr 
King first found impressions of a carbo»iferous reptile, Sir 
C. Lyell finds not only shrinkage-cracks but a multitude of 
small tubercles covering the surface resembling the casts of 
rain^prints, and which he can scarcely doubt are referable to 
pluvial action. 

In conclusion, the Lecturer enlarged on the important in- 
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ferences deducible from the discovery of rain -prints in rocka 
of such remote antiquity. They confirm the ideas entertained 
of the humid climate of the carboniferous period, the forests 
of which we know were continuous over areas several hun- 
dreds of miles in diameter. The average dimensions of the 
drops indicate showers of ordinary force ; and shew that the 
atmosphere corresponded in density as well as in the vary- 
ing temperature of its different currents with that which now 
invests the globe. The triassic hail, moreover, implies that 
some regions of the atmosphere were at this epoch intensely 
cold ; and coupled with the foot-prints, worm tracks, rippie- 
marks, and the casts of cracks formed by the drying of mud, 
these impressions of rain clearly point to the existence of 
sea-beaches where tides rose and fell, and therefore lead us 
to presume the joint influence of the moon and sun. Hence 
we are led on to infer that at this ancient era, the earth with 
its attendant planet was revolving as now, round the sun, as 
the centre of our system, which probably belonged then as 
BOW to one of those countless clusters of stars with which 
space is filled. C. L. 



On the Temperature of Man within the Tropics. 

Dr John Davy, in an interesting memoir just published in the 
Transactions of the Royal Society of London, draws the following 
conclusions, which, he says, appear to be either proved or rendered 
probable by the results and tables in the memoir, supposing, as it is 
believed, that, were the observations extended to many individuals, 
no material discrepancy would be witnessed. 

1. That the average temperature of man within the tropics is a 
little higher, nearly 1°, than in a temperate climate, such as that of 
England. 

2. That within the tropics, as had before been found in cooler 
regions, the temperature of the body is almost constantly fluctuating, 
— varying according to the variety of agencies to which it is subject, 
some of which are distinct, others obscure. 

3. That the order of fluctuation observed there is different from 
that in a cooler climate, the minimum degree of temperature being 
commonly early in the morning, after the night's rest, and not at 
night previous to going to rest. 

4. That all exertion, whether of body or mind, except it be very 
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gentle, coming under the designation of pas^i7e rather than active 
exercise, has a heightening effect on the temperature, while the latter, 
the passive kind, has rather a lowering tendency, especially carriage 
exercise. 

5. That heavy clothing, especially if tight and close, obstructing 
the admission and circulation of air, tends to raise the temperature 
unduly, especially under active exercise ; and that close, ill-venti* 
lated rooms, especially when crowded, have in a marked manner the 
same tendency. 

6. That when the body is in a healthy state, then on rest aftei 
exercise or exposure to any other exciting cause, it rapidly recovers 
its normal condition as to temperature. 

7. That when labouring under disease, however slight, the tempe- 
rature is abnormally elevated ; and that — judging from observations 
made, but not recorded, in the tables — its undue degree is some 
criterion of the intensity of the diseased action. 

8. That within the tropics there is comparatively little difference 
of temperature between the surface of the body, especially the extre- 
mities and the internal parts ; — and that there the skin is more active 
in its function of transpiration and the kidneys are less active as 
secreting organs ; with which it may be conjectured is connected a 
rapid production and desquamation of cuticle, and the absence, in great 
part, or entirely, of lithic acid in the urinary secretion. This latter 
fact, however, may be explained in a different manner, on the supposi- 
tion that the acid is not formed in the blood, or, if formed, in a gieatly 
diminished quantity. 

9. That the effect of wine, unless used in great moderation, is 
commonly lowering, that is as to temperature, whilst it accelerates the 
heart's action, followed after a while by an increase of temperature. 

10. That the tendency of sea-sickness is to check what may be 
considered the natural fluctuation of the temperature, and when 
severe, like disease, to elevate the temperature. 

11. That the tendency of a sea- voyage, apart from sea-sickness, 
is to equalize the temperature without elevating it, an equalization 
that is best witnessed in voyaging in a tropical sea, where the atmo- 
spheric temperature is so little variable. 

12. That even at sea, with a change of atmospheric temperature, 
there is a tendency to change of temperature of the body, the ave- 
rage increasing in proceeding towards the tropics, and diminishing 
in receding from them. 

These conclusions obviously admit of application, and that vari- 
ously in relation to health and disease. It would be unsuitable to 
the occasion to dwell on this part of the subject ; I shall merely 
remark, that it is a happy circumstance for man, and seems wisely 
ordered, that fluctuation of temperature should be connected with a 
healthy state of the system, and probably conducive to it, in what- 
ever manner produced, whether by change of climate, or atmo- 
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i9plrerie variation, or by exercise, whether of body or mind. The 
excellent health which the crews of the West Indian steam packets 
have, that are in constant transition from heat to cold, is a striking 
proof of this, and other instances of a like kind, were it necessary, 
might be adduced in confirmation. — The Temper<iture of Man 
within the Tropics, By John Davy, M.D., F.R.S. Philosophical 
Transactions, Part II. for 1850. 

Postscript. — The thermometer with which the preceding obser- 
vations were made was accidentally broken immeiliately after my 
return to England, and in consequence I had not the means at 
once of making further trials on temperature for the purpose of com- 
parison. Recently, having had another thermometer constructed as 
delicate as that before used and divided with the same minuteness 
— each degree of Fahrenheit into ten parts — ^I have been enabled to 
continue the trials ; as yet, however, only for one month, that of April, 
without interruption. They have been, made thrice daily, at about 
the same hours as those recorded in my former paper. The results, 
under ordinary cii'cumstances of health, exercise, &c., have accorded 
with those then obtained, the highest temperature having been found 
to be immediately on rising in the morning after the night''s rest, 
and the lowest at night just before retiring to rest. This accord- 
ance will probably be received in proof that the difference of results 
in the West Indies and in England has been mainly owing to dif- 
ference of climate aiid the habits of life connected therewith ; and 
apart from these, to no change in the individual, the subject of the 
trials. 



On the Total Solar Eclipse of 1851, Jufy 28. By G. B. 
Airy, F.R.S., Astronomer Royal.* 

Mr Airy remarked that the subject which he had sug- 
gested to the Managers of the Institution for the present 
Lecture might at first sight appear meagre and common- 
place, but that he believed it would be^ found to be one 
of the highest interest : first, biecause during a total eclipse 
we are permitted a hasty glance at some of the secrets of 
nature which cannot be seen on any other occasion : secondly, 
because the general phenomenon is perhaps the most awfully 
grand which man can witness. Many of his audience had 
probably seen large pai*tial eclipses of the sun, and they 
might suppose that a total eclipse is merely an intensified 

* Abstract of a Lecture delivered in the Royal Institution, May 2, 186.1. 
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form of a partial eclipse ; but, haying himself witnessed a 
total eclipse, he was able to assure them that no degree of 
partial eclipse up to the last moment of the sun's appearance 
gave the least idea of a total eclipse, as regarded either the 
generally terrific appearances, or the singular nature of some 
of the phenomena. Many years ago, in reading the admir- 
able essay in the Hiilosophical Transaction by the late Mr 
Baily on the eclipse (usually called that of Thales), the 
occurrence of which suspended a battle between the Lydians 
and the Medes, he had been struck by the cogency of Mr 
. Baily's arguments, which shewed that oiily a total eclipse 
could be admitted as sufficient to produce the effect ascribed 
to it ; and by the remark (cited by Mr Baily) of Maclaurin 
and Lemonnier, that in an annular eclipse of the sun, even 
educated astronomers when viewing the sun (nearly covered 
by the moon) with the naked eye could not tell that it was 
not full. The appearances, however, in a total eclipse, as 
he should afterwards mention, were so striking, that there 
could be no difficulty in believing the historian's account to 
be literally correct. 

Proceeding first to explain the simple causes of a solar 
eclipse, the Lecturer remarked that the moon's distance 
from the earth is nearly one four-hundredth- part of the sun's 
distance, and that the moon's diameter is very nearly one 
four-hundredth part of the fiuri's diameter, and that there- 
fore, on the average, the sun's apparent diameter and the 
moon's apparent diameter are very nearly equal. But in 
consequence of the ellipfic forms of their orbits, the sun's 
distance is liable to small variation, and the moon*s distance 
to very considerable variations : when the moon is at the 
most distant part of her orbit, her apparent diameter is 
smaller than the sun's, and if she happens at that time to 
be between a spectator and the sun, dhe will be seen as a 
black disk covering the central pai-t Of the sun and leaving 
a ring of light all round : when the moon is at the nearest 
part of her orbit, her apparent diameter is larger than the 
sun's, and sh« will, to a spectator in the proper locality, 
completely cover the sun, and produce a Total Eclipse. But 
neither of these things can happen unless the plane of the * 
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moon's orbit be in such a position that the moon^ when ap^ 
preaching the state of conjunction or new n)oon, is seen, to 
pass not above the sun or below the sun but over the sun. 

The Lecturer then called attention to the circuQisti^nce 
that four successive total eclipses occur in the month of 
July at intervals of nine years, namely 1833, July 17; 1842, 
July 8 ; 1851, July 28 ; and 1860, July 18. For the ex- 
planation of this curious circumstance it wfis necessary to 
shew, first, how it happened that at intervals of nine years 
tlie moon's orbit was in such a position that, for a nearly 
definite apparent position of the sun, the moon's path would 
cross the sun'*s disk : secondly, how it happened that at in- 
tervals of nine years the moon was at nearly her smallest 
distance from the earth, so that her apparent diameter was 
larger than the %un''s. In reference to the former, it was 
shewn that the moon revolves in an orbit whose plane is in- 
clined to the plane of the ecliptic (the apparent orbit of the 
sun round the earth), and that the inclination is nearly in- 
variable, but that the position of the line in which the plane 
of the moon's orbit intersects that of the ecliptic is con- 
stantly changing, revolving steadily in the direction opposite 
to the moon's motion, and performing a complete revolution 
in something more than nineteen years. Therefore, if any 
one node or extremity of this line of intersection were directed 
nearly to the July sun in 1833, the opposite node would be 
directed nearly to the July sun in 1842, and so on for four 
successive periods of nine years ; and eclipses would be pos- 
sible in July at the end of each period. But to shew that 
they might be total eclipses, it was necessary to remark 
that the moon revolves in an ellipse of which the earth 
occupies one focus (a point much nearer to one end than to 
the other) and that the position of this ellipse is constantly 
varying, its long Axis turning round in the same direction 
as the moon's motion, and completing a revolution in nine 
years and a half. Therefore, if in 1833 the shorter end 
of the ellipse were nearly turned to the July sun, in 1842 
the axis of the ellipse would have completely revolved, so 
that the shorter end of the ellipse would again be nearly 
, turned to the July sun : and thus the eclipse which occu rred, 
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if total in 1833, would, if central, be total (not annular) in 
1842 ; and so on for four periods of nine years. 

The Lecturer then called attention to the great difference 
in the directions of the shadow-paths across Europe, for the 
eclipses of 1842 and 1851 : (the former being from W.S.W. 
to E.N.E. nearly, the latter from N.W. to S.E. nearly). 
This arose in part from the circumstance that (as above ex- 
plained) the former of these eclipses occurred when the node 
or end of the intersection-line of the planes of orbits, turned 
towards the July sun, was that at which the moon rises to 
the north of the ecliptic, the latter when it is that at which 
the moon is descending to the south of the ecliptic. But the 
principal cause of the difference is this ; that the former 
eclipse occurred early in the morning, the latter in the after- 
noon : on placing a terrestrial globe in the proper position 
for July, with its north pole inclined considerably towards 
the sun, it is seen that, even if the moon moved precisely in 
the ecliptic, the path of her shadow across Europe before 
Europe came to the meridian would trend from the south to 
the north ; but if Europe had passed the meridian it would 
trend from the north to the south. 

Quitting the geometrical explanations, the Lecturer then 
proceeded to describe some peculiar phenomena which had 
been observed in eclipses, and first, one which had been ob- 
served most distinctly in annular eclipses, and which is 
known by the name of " Baily's beads and strings.'* When 
the preceding limb of the moon, traversing the sun*8 disk, 
approaches very near the sun's limb, or when the following 
limb of the moon is in the act of separating from the sun's 
limb to enter on the sun's disk, the two limbs are joined for 
a time — (no one has estimated the duration with accuracy) 
— by alterations of black and white points or strings. Phe- 
nomena, evidently of the same class, have been observed in 
the transits of Venus and Mercury over the sun's disk ; the 
black planet, when just lodged on the sun's disk, being pear- 
shaped, with its point attached to the black sky. The Lec- 
turer was able to state, in his own experience at the Royal 
Observatory, that at the same transit of Mercury this pheno- 
menon was seen with some teleseopes and was not seen with 
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others. In the annular eclipse of 1836 observed at Koniga- 
berg, where the moon's limb but just entered completely on 
the sun's, and where consequently it grazed along the sun's 
for many seconds of time, the phenomenon appeared to resolve 
itself simply into points of light seen between lunar moun- 
tains. The Lecturer expressed himself generally satisfied 
with Professor Powell's explanation^ that the phenomenon 
originates in that inevitable fault of telescopes and of the 
nervous system of the oye which tends to extend the images 
of luminous objects (producing what is ^generally termed 
irradiation), and thus enlarges the sun's disk towards the 
8ky, towards the moon or planet, and towards the bottoms 
of its hollows. 

In describing the total eclipse of 1842 (which perhaps was 
better observed than any one preceding it) the Lecturer in- 
sisted on our obligation to M. Arago, who had prepared the 
preliminary notices, and used his powerful personal influence 
in inducing persons to make observations at numerous stations 
in the south of France ; and had afterwards collected and 
compared the observations. Besides these French observa- 
tions, and the observations made by astronomers officially 
located in the path of the shadow, we have the observations 
of M. Schumacher who went to Vienna, of MM. Otto Struve 
and Schidlowsky at Lipetsk (the former of whom was sent 
expressly by the Russian government), of Mr Baily who 
went to Pavia, and of the Lecturer himself who went to the 
Superga (near Turin). 

It appears that, with M. Arago's telescope, the whole cir- 
cumference of the moon was visible when the moon had 
entered on only about two-thirds of the sun's diameter. 
Whatever may be the cause of this unusual appearance, it 
seems to require the use of a telescope with a small number 
of rfasscs in the highest state of polish. 
As the totality approached, a strange fluctuation of light 

was seen by M. Arago and others upon the walls and the 

ffround ^<^ striking that in some places children ran after it 

and tried ^ catch it with their hands. 
Of the a^'^vful effect of the totality, and of the suddenness 

with whi^l* it came on, it is difficult to give an idea. The 
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Lecturer cited •an expression from Dr Stukely's account of 
the total eclipse of 1744, observed on a cloudy day, " that 
the darkness came dropping like a mantle :" and compared 
it with his own, in similar weather, " that the clouds seemed 
to be descending." But all agree in the description of livid 
countenances, indistinct and sometimes invisible horizon, and 
general horror of appearance. It is well that we are enabled, 
by means of instances collected by M. Arago, to shew that 
these are not simply the inventions of active human ima- 
ginations. In one case, a half-starved dog, who was vora- 
ciously devouring some food, dropped it from his mouth 
when the darkness came on. In another, a swarm of ants, 
who were busily carrying their burdens, stopped when the 
darkness came on and remained motionless till the light re- 
appeared. In another, a herd of oxen, as soon as the totality 
was formed, collected themselves into a circle and stood • 
with their horns outwards. Some plants (as the convolvulus 
and silk-tree acacia) closed their leaves. 

The darkness at Venice was so great that the smoke of 
the steam-boats could not be seen. In several places, birds 
flew against houses, &c. Where the sky was clear, several 
stars were seen. In several places a reddish light was seen 
near the horizon. A heavy dew was formed at Perpignan. 

The Lecturer cited an instance which had been related to 
him by M. Arago, in which the captain of a French ship had 
beforehand arranged in the most careful way the observa- 
tions to be made : but, when the darkness came on, discipline 
of every kind failed,, every person's attention being irresisti- 
bly attracted to the striking appearances of the moment, 
and some of the most critical observations were thus lost. 

The most remarkable phenomenon observed in all pre- 
ceding total eclipses, and seen equally in this, is the ring 
of light surrounding the moon, called the corona. The Lec- 
turer described the magical change, from the state of a very 
narrow lune of solar light (the contour of the moon being 
totally invisible), to the state of an entire dark moon sur- 
rounded by a ring of faint light, as most curious and striking. 
The progress of the formation of the ring was seen by his 
companion, and by some other persons : it commenced on 
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the side of the moon opposite to that at which the sttn dis* 
appeared. In the general decay and disease which seemed 
to oppress all nature, the moon and corona appeared almost 
like a local disease in that part of the sky. In some pla^eSi 
the corona was seen as distinctly double ; it would appe&t' 
that the ring which the Lecturer saw (whose breadth, by 
estimate of repeated duplication, he found to be about one- 
eighth part of the moon's diameter, or four minutes of arc 
nearly) was the inner of the two rings seen by M. Arago 
and others. The texture of the corona appeared in some 
places as if fibrous, or composed of entangled thread ; in 
some places, brushes or feathers of light proceeded from it. 
One photometric estimate of the quantity of light in the 
corona, cited by M. Arago, gave it equal to one-seventh part 
of full moonlight. From a chromatic analysis of its light by 
means of an ordinary prism, it appeared to be deficient in 
green rays. 

The Lecturer characterised the inquiry intg the origin and 
locality of this corona as one of the most interesting con- 
nected with the eclipse. It had been specially indicated by 
M. Arago (see the Annuaire du Bureau des Longitudes, 
1842) as a very important subject of inquiry whether the 
corona is concentric with the moon or with the sun ; but his 
recommendation had received very limited attention. The 
general tenor of the evidence went to prove that the corona 
belongs to the sun. This, however, was not the opinidn of 
more ancient writers, who tacitly consider it as the atmo- 
sphere of the moon. 

But the most remarkable of all the appearances were the 
red mountains or flames apparently projecting from the cir- 
cumference of the moon into the inner ring of the corona, to 
the height of one minute of arc at the smallest esthnation, 
or a much greater height by other estimations. It was after- 
wards discovered that these had been seen before by Vas- 
senius, a Swedish astronomer, who observed the eclipse of 
1733 at Goteborg (a place very favourable for the approach- 
ing eclipse), and whose account is given in the Philosophical 
Transactions, vol. xxxviii. He terms them " subrubtcundsa 
nonnuUae maculee, extra peripheriam disci lunaris conspectse. 
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jaamero tre» aiit quatuor." This obserrvation, however, was 
not known to any of the observers in 1842, wd all w&oe 
therefore taken by surprise. Drawings were exhibited Qf 
these red mountains as seen at Perpignan, Narbonne, Vienna, 
Pavia, Superga, and Lipetsk. It was shewn that, by a trace 
still visible on the engraving, the drawing first made at 
Vienua had coincided very exactly with that made at Pavia ; 
that the Narbonne observations would be very exactly recon- 
ciled with .them by supposing the eyror (very likely to occur 
to unpractised astronomers) of taking the north limb to be 
the upper limb ; that at Perpignan, Superga, Lipetsk, the 
lowest of the red prominences was not seen ; and that at 
Superga and Lipetsk only was the middle one of the upper 
prominences seen, though in several places an irregular band 
of red light had been seen of which one salient point might 
he the prominence in question. In all the places where the 
order of formation had been observed, the same prominence 
(the left hand upper prominence) was defined as the first 
seen. At Perpignan this was observed by M. Mauvais tQ 
shew itself $rst as a small point and to project gradually 
as from behind the moon. The discordance in these repre- 
sentSitions did not appear to the Lecturer at all startling ; it 
.was ^ot greater than the discordance in the accounts, given 
by two good observers in difierent rooms of the same building 
at Padua. 

The determination of the locality and nature of these red 
prominences is one of the most difficult of all connected with 
the eclipse. The first impression undoubtedly was that they 
are parts of the sun. If so, their height, at the lowest esti- 
mation, is about thirty thousand miles. The principal ob- - 
jection, however, to their solar location is the difference in 
their forms as seen at different places: thus at -Perpignan 
they are represented as widest at the top : at all other places 
.they are widest at the base. Moreover at some places, as 
Pavia and Vienna, where they were seen a long time, they 
underwent no change : whereas at Perpignan one at le^^st 
was seen to slide out as fi:om behind the moon. In all cases, 
however, much is to be allowed for the hurried nature of the 
observation. 

p2 
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The only theory which has been formally propounded as 
explaining them is that of M. Faye, who conceives them to 
be the result of a kind of mirage. 

The Lecturer explained the nature of ordinary mirage (the 
kind of reflection produced by the hot air adhering to a heated 
surface of any solid) and described the distortion produced 
in the image of a star as seen in the Northumberland tele- 
scope of the Cambridge Observatory, when first mounted in a 
square pyramidal tube, whose angles were constructed more 
solidly than its sides, reducing the inner form to an octagon. 
When this tube had become warm before observation in the 
open air, the angle-blocks remained warm after the sides and 
the internal air had become cool, and a kind of mirage was 
produced which distorted the image of a star into four long 
rays like the sails of a windmill. M. Faye has particularly 
adverted to this instance, and conceived that in the circum- 
stances of our atmosphere at the time of the eclipse, where 
the air on one side only of the path of light is somewhat 
heated by the sim, sufficient explanation might be found for 
the distortion of some inequalities of the moon. The Lecturer 
professed himself totally unable to follow this theory into 
details, remarking only that in the rapid passage of the 
moon's shadow he conceived it impossible to find air in the 
state required for the explanation. 

The Lecturer then adverted to that part of his subject of 
which all that had been already said was only introductory, 
namely the approaching eclipse of July 28. After quoting 
an American newspaper, shewing the great interest excited 
by this eclipse beyond the Atlantic as one of the strongest 
inducements for Americans to visit Europe in the coming 
summer, he invited attention to its course across Europe. 
Entering Norway near Bergen, the shadow crosses both coasts 
of Norway, both coasts of Sweden, and the eastern coast of 
the Baltic : then ranges through Poland and the south frontier 
of Russia across the sea of Azof through Georgia to the 
Caspian Sea. It passes Christiania, Goteborg, Carlscrona, 
Danzig, K5nigsberg, Warsaw, and Tiflis. A great part of 
this course, especially that from Bergen to Konigsberg, is 
very accessible by sea, and Warsaw by land. The Lecturer 
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trusted that many English travellers might be induced to 
observe this eclipse. If possible, stations should be chosen 
as well near the northern and southern boundaries of the 
shadow as near the centre. No particular skill in astronom ical 
observation is required, the phenomena being rather of a more 
generally physical kind : and indeed, as far as the observa^ 
tions of the eclipse of 1842 shewed, the travelling physicists 
had been more successful than the stationary astronomers. 
The apparatus required would depend on the special objects 
of the observer ; a telescope and a watch might be considered 
indispensable in every case : for analysis of light, a common 
prism and a polariscope might be taken by some persons : 
photometry, actinometry, &c., might be interesting to others, 
and appropriate instruments would be required : other ob- 
servers would be interested in meteorology. The apparatus 
which the Lecturer considered it most important to perfec- 
tionate now, for use during the eclipse, is photogenic appa- 
ratus ; it would be impossible to set too high a value on a 
series of Daguerreotypes or Talbotypes of the sun and corona 
taken during the eclipse. 

The Lecturer concluded by saying that a series of sugges- 
tions for the observation, accompanied by a map, had been 
prepared by a Committee of which he is a member, and were 
nearly ready to leave the printer's hands : and he undertook 
to transmit a copy of these suggestions to any person who 
would make application to him.* 

On the Composition of Nullipores and some Corallines, By M« 

Damoue. 

The author submits to the Academy the result of researches which 
he commenced last year on the composition of certain marine or- 
ganised bodies, known by the name of Nullipores, These marine 
productions, now classed with the Algas, at first sight resemble 
mineral concretions. They assume various forms ; sometimes that 

* We refer our readers, for observations made during the Annular Solar 
Eclipse on the 15th of May 1836, at Edinburgh and the neighbourhood, by 
Captain Alexander Milne, R.N. (one of the present Lords of the Admiralty), 
and the astronomers, Galbraith and Sang, inserted in vol. xxi. of this Journal. 
—Edit, of Ed. N. Phil. Journal. 
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of coralloid branches, cauliflowers, lichen, &c. Thej possess nearly 
the colour, haixiness, and tenacity of calcareous matter. They are 
easily pulverised. When immersed in a waak acid, all the earthy 
matter which they contain dissolves with effervescence ; there re- 
mains a skeleton of organic vegetable matter, retaining precisely the 
form of the original specimen, and presenting the cellalar tissue 
peculiar to the marine algse. This organic matter exhales the 
peculiar alliaceous odour which characterises marine vegetables. It 
is spongy and nearly transparent, and is reduced to a very small 
bulk by drying. Treated with solution of potash or soda, it doei 
not dissolve either cold or hot, but it becomes more transparent, and 
thus behaves like most vegetable tissues. It burns with ^ame, and 
usually leaves very little ash. 

The author states his obligation to MM. Deshayes and Michelin 
for the first specimens which served for this examination. Lately 
M. Decaisne supplied him with more, from the collection of the 
Museum of Natural History, belonging to the well-known species. 

The following table exhibits the results of the analyses of various 
species : — 



1. 

Milltpora 

e&rvieomia 

from 

Brihat. 

(Manche.) 



Litho- 
phyUutn 
(Meditei-- 
ranean.) 



Melobesia^ 

new 

species? 

(Algeria.) 



Amphiroa 

tnbul\ 
(Antilles.) 



ffalymtda 
(Red Sea.) 



€falaxaura 
(Antilles.) 



CarboDate of lime 

Oarbooate of mf|gne&ia 

Soda 

Potash 



Peroxide of iron 
Sulphuric acid --. 



Phosphoric acid 

Chlorine 

Sulpliate of lime 
Organic matter.^ 

Moisture 

SUica 



Mixed silicioas sand- 



87-32 
8»51 
0-45 
0-34 

0-23 

undeter- 
mined 

0-35 
0<64 

0-63 



77-36 

11-32 

0-55 

0-27 

0-08 



0-32 
0-60 

4-70 
1-46 

1*36 



72-78 

12-32 

1-75 

0-65 

0*20 

1-26 

0-38 
0-34 



3-95 
1-40 

4-38 



70-83 

16-99 

089 

0-39 

0-93 I 
0-27 I 

0-63 

0-20 
6-40 
1-38 



8617 
0.56 
113 
0-64 

undeter- 
mined. 

undBter- 
mined. 

0-84 

0-65 
8-30 
0-90 



72-56 
0*86 
0-73 
1-02 

undeter- 
mined. 

imdet«r- 
mined. 

117 

1-ao 

17-50 
0-95 
2-20 



99-91 



98-97 



99-30 98-81 98>99 



9S-79 



The number 1, obtained on the coast of Brehat (Manche), forms 
considerable ridges, which are worked for obtaining hydraulic lime. 
The specimen employed for analysis was slightly disint^rated on tlie 
surface, and, as it were, fossilised. It is to this circumstance tliat the 
author attributes its containing so little organic matter. No. 3 was 
obtained by M. Deshayes on the coast of Algeria. This species is 
developed in great abundance on a vast extent of this eoawt, «nd pre- 
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eisely on those places where the shock of the wares is felt most 
strongly. The numbers 4 and 6, from the collection of the Museum, 
were sent to the author by M. Decaisne. It is to be remarked, that 
the two last contain mere traces of carbonate of magnesia, whilst 
the four others contain from 8^ to 17 per cent, of this carbonate. 
In fact, the numbers 6 and 6 belong to families which are very 
distinct from the preceding. The earthy matter which covers them 
does not penetrate to the interior of the plant. The numbers 1, 2, 
3, and 4, are intimately penetrated with calcareous and magnesian 
matter. 

The foregoing analyses seem to indicate that the groups of Coral- 
linacese act the same part in the vegetable kingdom that the Polypi 
*nd the greater part of the Mollusks do in the animal kingdom. By 
means of their organisation, these plants have the faculty of decom- 
posing the water of the ocean, and to extract, secrete, and incorpo- 
rate principally lime and magnesia converted into carbonate. The 
development of these vegetables on certain coasts and in low lands, 
and consequently the deposits of magnesian limestone which they 
must occasion, seem also deserving of consideration in the study of 
geological formations. — Comptes Bendus, Fevrier 1851. — The Phi- 
losophical Magazine, 4th series, vol. i. No. 5. May 1851, p. 434. 



Note on an Incrustation of Black Oxide of Manganese, By 
John Davy, M.D., F.R.S., &c. Communicated by the 
Author. 

In the Lake District of Westmoreland and Cumberland, 
pebbles and water-worn stones, coloured black, either with 
or without lustre, are not of uncommon occurrence in the 
beds of the moorland and mountain streams, or in the allu- 
vium of the lower valleys excavated by the wasting action of 
torrents. When minutely inspected, the colouring matter is 
found to be superficial and independent of the kind of stone 
that exhibits it, — some of the pebbles thus coloured being of 
quartz, others and the greater number of the prevailing rock 
of the country, varieties of clay slate, more or less indurated 
and changed. The lustrous specimens are not unlike nodules 
of plumbago ; those destitute of lustre are of an opaque 
black resembling that of the black oxide of manganese in a 
pulverulent state. On examination, I have found the colouring 
matter of both to consist of this oxide. It imparts the same 
•brown stain wben rubbed pn paper or on the hand ; and chlo- 
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rine is disengaged when it is acted on by muriatic acid, or by 
dilute sulphuric acid, after the addition of a little common salt. 

Though always superficial, in one spot, the incrustation is 
80 thick as to be available for use ; and in this instance, the 
Uack oxide of manganese acts as a cement, forming a bed of 
conglomerate several feet thick. This example occurs in the 
valley of Ambleside, and is best seen, where well exposed, on 
the left bank of the river Bothay, about the middle of the 
valley. 

Whence this incrustation is derived, or how produced, is 
not obvious. Eestricting the view to the spots where it 
occurs, it might be supposed to be a deposit from running 
water. But when it is seen that the colouring matter is not 
to be detected on the rocks in situ, the fixed rocks in the 
course of the stream, the idea ceases to be tenable, and the 
inference seems to be unavoidable, "l,hat the sand, pebbles, 
and stones thus coloured have been incrusted with the oxide 
(in whatever manner that may be eflfected) before they had 
been carried down to the spots where they are found loose ; or, 
when in the form of conglomerate, that the cementing oxide 
has been brought there by water exuding from some rock or 
stratum containing manganese in a minor degree of oxida- 
tion, and acquiring the higher degree by the absorption of 
oxygen, and at the same time the cementing quality. 

Hitherto, no mine of manganese that I am aware has been 
opened in this district, nor any accumulation of it found to 
tempt mining enterprise. The occurrence of the black oxide 
in the manner described is surely an indication of the exist- 
ence of this useful mineral in large quantities, and should 
excite special inquiry, — an inquiry likely to be rewarded with 
success, if made with care and by competent persons. 



1. Parasites and their Relations to other Animals. 

2. Parasitic Life. 

At a meeting of the Boston Society of Natural History in 
February, Dr Burnett presented a communication on the 
relations of an order of parasites (pediculus), to the difiPerent 
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fauna, as bearing, first, on the distinct creation of types of 
animals, and, second, on the local creation of these types 
wherever they are foond. In the general fauna of the earth, 
the fact that totally distinct genera and species exist, exposed 
to the same external influences, is a strong argument against 
their being the results of modifications of a single type, and 
in favour of their having been created as we now see them. 
The same is true as regards these parasites ; we have dif- 
ferent species, and even .difi^erent genera, upon a single 
animal, all exposed to the same external changes. If genera 
and species are mere modifications of a primitive family type, 
we would expect to find a uniformity in the special character 
of parasites in all the species of the genera of that family. 
For instance, if the Sciuridse are but modifications of a 
primitive type squirrel, we should expect to find certain 
parasites common to all, with a uniform specific character, 
without widely separated genera, which, as far as his expe- 
rience goes, is not true ; for though in many cases cer- 
tain species of parasites are common to the whole family, 
yet there is an evident tendency for each species of the 
highJBr animals to have its own peculiar species of para- 
sites. Though we can easily imagine that the same species 
may be found in mammals and birds of the same family,^ 
with similar habits, and associating together, we can- 
not understand that the same species of parasite should be 
found in widely difierent families, of entirely dissimilar 
habits ; yet such is the fact, and it is not reconcileable with 
the hypothesis of a successive production of types by a series 
of changes of their structure ; on the contrary, it would go to 
shew that the existing specific types were as such created. 

As to the local creation of genera and species, we know 
that the existence of the world^s animals has not that com- 
monness which might be supposed ; they have relations of 
a local nature, connected with a remarkable diversity of 
forms. At any rate, this fact is certain, that each particular 
region has a marked tendency to have its own peculiar 
fauna. Climate has undoubtedly a great influence on the 
character of a fauna ; we see in the same zone, separated 
by impassable barriers, a tendency to similar animal produc- 
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tions, though there is at the same time sufficient diversity to 
ex<;lude the idea of a common origin ; different countries 
have analogous, not identical species. Geological data, the 
history of the surface of the earth, and our fast increasing 
knowledge of the intimate relations of animals to the circum- 
stances in which they live, all lead to the conclusion of their 
local creation in their present habitats. The relations of 'para- 
sitesafford considerable proofs against ihe hypothcBis, that the 
difference of terrestrial conditions have caused the differences 
in animals. We could not suppose that the pediculi living on 
European bii*ds would be different from those of the analogous 
species of American birds; if they arose from a common 
stock, their parasites ought to agree as to species. This is 
not the fact ; not only do the parasites of our animals, com- 
pared with analogous species in Europe, present differences 
greater than those of the animals on which they live (their 
species being more distinct than those of the higher animals) ; 
but even our species of birds or mammals, having no repre- 
sentative on the other continent, have their own parasites as 
distinct as themselves. Those animals which, by their own 
powers of locomotion, or by human means, are common to 
both continents, have parasites identical in character, as far 
as observation goes. The pediculi of our (American) cow, 
horse, or hog, do not differ from those of the same animals 
in Europe ; the same is true of some birds. The legitimate 
inference from these facts is, that the analogous species of 
animals of the different continents were created as such, and 
therefore have their proper parasites, and did not emanate 
from parent stocks. 

Man himself is fortunately annoyed by but few parasites ; 
his ubiquity renders the conditions of his existence different 
from those of other animals. Many of the higher mammals 
man has gathered around him in domestic life ; and, as ihey 
go wherever he goes, the facts relating to them can have no 
great weight. The pediculi of the Quadrumana, or .monkeys, 
seem to be different from those of man ; in fact, the species 
found on man are not found on the monkeys, except .when 
their presence may be accounted for by accident ; and .those 
of the monkeys are found only on them. 
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Dr Burnett has also established to his satisfaction the fol- 
lowing faots : — 1. That although there are single species of 
parasites peculiar to particular animals, there are others 
which are found in different species of the same genus, as is 
the case in the parasites living on birds of the genus Larus 
(gulls), and the diurnal birds of prey. 2. The parasites of 
the human body confine themselves strictly to particular 
regions ; when they are found elsewhere it is the result of 
accident. Thus, the Pedicul%ia capitis live in the head ; the 
-P. vestimenti upon the surface of the body ; the P. tabescen^ 
tmm on the bodies of those dying with marasmus ; and 
the Fhthirius inpuinaiis about the groins, armpits, mouth, 
and eyes, or the homologous parts of the body. From an 
examination of the structure of these animals, Dr Burnett is 
of the opinion that they should be placed in an order by 
themselves, closely allied to the Insecta; they number about 
250 species, the Mundibulate parasites occupying the highest, 
and the Haustellate the lowest positicm in the order. 

Dr Burnett also stated that he had recently found vegetable 
parasites in the human ovum. They belonged to a species 
of Conferva similar to the yeast plant. They appear in trip- 
lets, or by twos, and were about one 4000th of an inch in 
diameter. It was difficult to account for their presence in 
such a situation, as their spores would be too large to be 
deposited from the circulation by passing through the walls 
of the blood-^vesseld. — The American Annual of Scientific 
Discovert^ for 1851, p. 340. 

On Parasitic Life, — ^Dr J.Leidy has established the fact, that 
cryptogamic vegetables exist, as a normal condition, in the 
interior of several species of healthy animals. He describes 
three new genera of entophytes, — Euterobrus, Vladophytum^ 
and Arthromitus^ — ^all being confervoid or mycodermatoid. 
All are found growing from the mucous membrane of the 
small intestine and commencement of the large intestine of 
Julus .marginatus (Say), and from entozoa inhabiting these 
cavities in the same animal. They were uniformly found in 
116 examinations of animals of this species, made immediately 
after death. In one instance, an arearis, three lines long, 
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had no less than 23 individuals of Euterobrus, averaging a 
line in length, besides a quantity of the other two genera, 
growing upon it, and yet moved about in so lively a manner 
that it did not appear the least incommoded by its load of 
vegetation. 

The important point in these observations is, that they 
shew that cryptogamic vegetables may exist in the internal 
organs, and upon entozoa inhabiting these organs, without 
disturbing the health, and even as an ordinary and normal 
condition* This does not rebut the idea that other crypto- 
gamia may produce diseases. They are known to exist in 
apthae, in many diseases of the skin, have been found in the 
secretions of cholera, and several acute diseases, and were 
lately observed by Dr Leidy in a case of softening of the 
stomach. Whether in these instances they are the cause or 
effects of the morbid state, or even a mere coincidence, is not 
decided. Dr Leidy regards the microscopic forms known as 
vibrio as vegetable. In this opinion he is supported by other 
observers. After mentioning the discovery of several species, 
and a new genus of entozoa, he notices the existence of Crre' 
carina in the ventriculus of Julus marginatus, Gregarina has 
recently attracted much attention, as being supposed to be 
an animal consisting only of two cells, and said by Siebold 
to be destitute of an alimentary canal. Dr Leidy describes 
a papilla surmounting the superior cell, with traces of an 
external communication with the cavities of the cells. He 
regards it as the larva of the entozoon. — Proceedings of 
Academy of Natural Sciences^ Philadelphia. 

On the Estuarg Beds and the Oxford Clay at Loch Staffin, 
in Skye. By Professor EDWARD Forbes, FJLS., 
V.RG.S., &c.* 

The purpose of the following brief notice is to put on re- 
cord some observations made in the island of Skye in August 
1850, by which the true geological horizon of the so-ciJIed 

* From a copy of the Memoir eommanicBted by the Author. 
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" Wealden" of Loch StafiGm was determined, and the Oxford 
clay added to the series of oolitic strata in the Hebrides. 

Sir Roderick Murchison, in his " Supplementary Remarks 
on the Strata of the Oolitic Series and the Rocks associated 
with them in the Counties of Sutherland and Ross, and in 
the Hebrides," read before the Geological Society in Novem- 
ber 1827, states that " in the low and ruinous cliff of blue 
shale, associated with zeolitic and amygdaloidal trap on the 
north-eastern shores of Loch Staffin, were found, during my 
late excursion with Professor Sedgwick, flattened masses of 
shelly limestone containing five species of Cyclae^ one Falu- 
dina^ one Neritina^ one OetreOy one Myiilus^ and some unde- 
scribed bivalves," and remarks that '* it adds materially to 
the interest of these remains, that two species of the Cyclas, 
the Paludina, and the Ostrea prove to be identical with the 
fossils of one of the upper beds of the Weald clay described 
by Dr Fitton as occurring in Swanage Bay, Dorsetshire, and 
in the Isle of Wight." Of these fossils a list is appended to 
the paper, drawn up by Mr Sowerby ; and besides the refer- 
ences to Weald clay species, one Cyclae is considered iden- 
tical with a Barton Cliff shell, and the Nerita is compared 
with a Woolwich species. 

When the Duke of Argyll announced his important dis- 
covery of tertiary strata, probably of freshwater origin, asso- 
ciated with traps in the island of Mull, it occurred to me that 
possibly the Loch Staffin beds might prove to be tertiaries 
also ; the more likely since some of their fossils had been 
referred to tertiary species. At the same time I felt very 
anxious to ascertain whether on the other hand they might 
really be Wealden strata, or what was more probable, as Mr 
Robertson had suggested in bis interesting paper on Brora, 
equivalents of the estuary strata associated with the Brora 
oolitic coal. My recent researches among the Purbecks had 
led me to distrust all the older determinations and compari- 
sons of freshwater fossils, and I felt that it was of great con- 
sequence to the special work in which I was officially engaged 
in my duties as a member of the Geological Survey, that 
before publishing the full account of the palaeontology of the 
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Purbeeks now in course of preparation, I should e^xanainethe 
Loch Staffin fossils, and, if possible, personally inspect their 
locality. This I felt to be the more necessary, since I had 
been told by Sir Boderick Mui^hison that the fiassils in 
question were taken from loose blocks of stone, the exact 
position of whieh m aiHi bad noi b^en seen. 

Many of the Hebridean localities are so out of the way of 
travelling that it is by no means easy to visit them. Loch 
Staffin and Loch Laigh (the latter in the neighbourhood of 
the Duke of Argyll's leaf-beds) were of this kind. But aH 
difficulty was removed by a proposal from my excellent friend 
Mr MacAndrew to accompany him on a cruise in his yacht 
to Mull and Skye, and so examine at our leisure the desired 
places. Accompanied by Professor Goodsir of Edinburgh, 
accordingly we set sail, and in the course of three weeks' 
cruise had not only the good fortune to see the geological 
points in question, but also to add not a few fossils and aearly 
twenty species of living animals to the British fauna.. 

The peninsula of Trottemish, which forms the north- 
western portion of the island of Skye, presents on its north- 
ern line of sea-coast a range of magnificent clifiPs, extending 
from Portree to Loch Staffin. The crest of these cliS& is 
composed of a vast bed of imperfectly columnar trap> reding 
on oolitic sandstones, limestones, and shales, the uppermost 
of which were determined by Sir Boderick Murchison to be 
the equivalents of the cornbrash and forest marble. Be*- 
neath these we find unquestionable representatives of the 
middle and inferior oolitic strata, and at the base of all un- 
doubted lias. They abound in fosails, and, whenever the 
palaeontology of the secondary rocks of Scotland shall be 
scientifically explored, will afford a rich harvest of beautiftd 
and probably undescribed forms of invertebrata to the natu- 
ralist who may have the good fortune to undertake the work- 
Through the oolitic strata are seen rising dykes of greea- 
stone in communication with the spread of trap above, and 
other trap dykes are seen which not only burst through the 
greenstone, but also through the sheet of trap fortiodng the 
perpendicular wall on the summit of the cliffs. 
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Dia^rctm of the Geological Structure of Trottenmh in Skye. 




ffc" 



a. Lias. e. Estuitry shales. 

b. Inferior oolite. /. Oxford clay. 

e. Middle oolite. g. Amygdaloidal trap. 
d. Imperfectly columnar basalt. 

The strata of the cliffs dip rapidly inland southwards at a 
considerable angle, and a little way behind them towards 
the east. Farther back towards the west rise lofty hills of 
a^ygdaloidal and zeolitic trap, which broken up into frag- 
ments on these escarpments, form magnificent isolated 
blocks and pinnacles of rock of vast height and slendemess, 
resembling so many gigantic castles and towering spires of 
dimensions beyond the workmanship of human architecture. 
The truly wonderful scenery of the Storr and Quiraing, which 
far surpasses for irregularity any other rock landscapes- in 
Britain, have been produced by the breaking up of this 
amygdaloidal escarpment. 

The cause of this extraordinary range, extending over 
many miles of cyclopean ruins, depends upon the fact which 
it is my object to announce in this communication. Between 
the mass of amygdaloidal trap and the columnar trap which 
crest the sea-cliffs and dip inwards with the underlying 
oolitic strata, intervene beds of soft shale and crumbly lime- 
stone^ the wearing away of which causes the breaking up of 
the superincumbent mass, the retrocession of the main body 
of trap, and the isolation of the blocks and pinnacles, which 
probably become more numerous after every winter. 

The open bay called Loch Staifin lies at the westernmost 
extremity of Trottemish. Its northern headland is com- 
posed of the oolitic beds and superincumbent columnar trap 
dipping southwards, and its southern by the same traps 
rising again to commence a new line of coast, forming die 
southern bound of the peninsula. The bay itself has been 
formed in consequence of the wearing away by the waves 
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of the shales above the columnar trap, thus brought into 
contact with the force of the sea ; and as the westernmost 
. extremity T)f the range of amygdaloidal hills corresponds 
nearly to the centre of the bay, the ruin of the ^superincum- 
bent trap is here very great indeed. It was on the shores 
of this bay that Sir Roderick Murchison and Professor 
Sedgwick found the blocks of freshwater or estuary limestone 
referred by them conditionally to the Wealden. 

On landing, I found similar blocks with similar fossils, 
but could not see them in situ in the section along the coast. 
I found, however, very soon, that the black shales included 
in and underlying the amygdaloidal trap were fossiliferous, 
and before long had the pleasure to find numerous specimens 
of Ammonites cordatus and Belemnites Owenii and Beaumon- 
tianuSy indicating the age of these shales beyond a question 
to be that of the Oxford clay, to which stratum indeed 
mineralogically they have the most marked resemblance. 

When the tide receded, the beds of shale were exposed in 
regular sequence along the shore, and beneath them in con- 
formable succession I found in $itu the strata of yellowish 
crumbly limestone and shale with estuary fossils from whence 
the blocks referred to had been derived. 

The series of beds seen in the section in descending order 
is as follows : — 

1. Immediately below the amygdaloidal trap, which is 
crumbly and wackaceous at the junction, there is a thin band 
of small rolled pebbles mingled with fragments of jet. 

2. Crumbling blue shales with Belemnites Owenii^ 
Ammonites cordatus, and A. Eugenii, about five feet in thick- 
ness. 

3. A thin band of concretionary limestone. 

4. Five feet of blue shale with Ammonites and large 
Belemnites. 

5. Two bands of hard grey concretionary limestone, 
weathering yellow, in which I could find no fossils, three feet. 

6. Dark blue shales with small Belemnites, seven feet. 

7. Concretionary reddish and yellowish limestone with 
large Belemnites, one foot. 

8. Blue shales, one foot. 
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9. Ferruginous sands with fragments of wood, pyritised 
and in the state of jet, one foot. 

10. Concretionary limestone with Belemnites, one foot. 

11. Soft white sands witii traces of bivalve shells, appar- 
ently Cyrena, three feet. 

12. Hard sandstones with Perna and numerous Ostrece 
and CyrencB^ two feet. 

13. Greyish sands with carbonaceous streaks and lenticular 
courses of comminuted shells ; concretions in places ; five feet. 

14. Hard calcareous shales with bands of Cyrence and 
fossil wood, three feet. 

15. About fourteen bands of loose calcareous slaty and 
sbaly beds filled with Cyrenca^ occasional Uniones, and Ostrece : 
these appear to constitute a thickness of about twelve feet, 
but the base of them resting on the basalt is concealed under 
water. 

The dykes of trap in communication with the superincum- 
bent amygdaloid bake the strata through which they pass 
and alter the mineral character of the fossils. 

The position of these estuary beds, beneath the Oxford 
clay and above the mass of the middle oolites, at once 
removes them from identification with Wealden or tertiary 
strata of the South of England, and as readily suggests a 
comparison of them with the so-called *' Wealden beds," dis- 
covered by Mr Alexander Robertson, intercalated with the 
carboniferous portion of the oolitic strata of Brora in Suther- 
landshire, and described by that gentleman in two most 
interesting papers communicated to the Geological Society 
in 1843 and 1846. The main seam of Brora coal lies imme- 
diately beneath a stratum containing Kelloways Bock fossils, 
and regarded by Sir Roderick Murchison as the representit- 
tive of the pier stone of Scarborough. Below the coal beds 
are bituminous shales, clays, and a thin layer of whitish 
argillaceous limestone, containing numerous remains of Fish, 
and of shells of the genera Cycias or Cyrena^ Unio^ Perna^ 
Teltina, and Paludina. These shales are superior to the 
oolitic and liassic strata. 

Mr Robertson enumerates the many fossils found by him, 
but does not describe or figure the new species. Of the fresh- 
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Wttter or estuary inyertebrata found hj him in the Brora, 
strata, only two are mentioned as identical with knows 
spedes, viz. Cycl<M nngulata, identified with a Wealden shell, 
and O/pris ^rantdosa, considered the same as a Wealden 
crustacean. Mr Robertson presented the best i^cimens oi 
all Ms species to the Geological Society, where I haTC had 
an opportunity of inspecting them, and can speak to their dis- 
tinctness from known forma, or from any of the many Pui4)eck 
fossils known to me jumI not published. BotJi the identificar 
tions above mentioned I consider to be insufficient The 
Ctfclas, called angulata^ from Brora is not ix) me identical with 
Sowerby's shell, and the C^prie refermd to ffranuUma is al- 
together distinct. 

Through the kindness of iSir Boderick Murchison, I have had 
an opportunity of comparing his original Loch Staffin fossils 
with those collected by myself. He procured two with wihioh 
I did not meet, and I found some additional to Ins. None of 
the identifications in the list appended to this paper will now 
hold. The comparison and determination of freshwat^ 
bivalves is a matter of great delicacy and pnactioe; the dis- 
tinctions between the species of Oyeladidw and Unionido^ re- 
spectively .being of so delicate a character that the examina- 
tion of numerous specimens of each species is necessary, 
combined with a knowledge of Uie recent species of these ex- 
cessively difficult tribes. I eannot satisfy myself that any 
one of the Loch Staffin shells is identical with a Purbeck 43r 
Wealden species. This, in tiie present state of onr know- 
ledge, was to be expected. 

A more curious result is that, after a close comparison of 
both Sir Soderiek's and my own specimens (now contained 
in the eoUeetion of the Museum of Practical Oeology), I can- 
not satisfy myself that, with tile exception of the PaludHna 
conulus of Robertson, which is. a little Hydrobia identical with 
thennfigured i\i/ai<luia mentioned in SirSoderid^Murohison^fi 
Loch Staffin list, there is any one»of the Loch Sl»ffin estnary 
shells identical with a Brora species. The little SffdrMa 
above mentioned, however, appears to be uncUstingoishable. 

The succession of events indicated by the section I have 
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described i^ <rf &o m^^M int^est, wlpten cpiiijsiderecj .in ita 
bearing on the physical geography of ouriipe^ durij^^g tb^ 
oolitie epochs. Froqt the Hap ^p to tl^e .cor^brasb, 9X beds 
probably equiyja^ot to th^a^t ^toge iq rtb^ fer^s of politeft^ Wj9 
have in ttke Hebrides, as was lodiQiitf^d by Ma^XM^lpcb^ ^Mod 
proved by Murchisoa, a continuous sequenoe of ^aarine co^i- 
ditions, wfaidi, if I wiigiit venture to judge iro^i tbe as yet 
imperfect evidence of the coatainod fpseiiils^ prevailed {in ,ik a^ 
by no means sihallow. But ibt iihe temunatiou of tbe d^posi* 
tion of the middle soolkic strata, viJ^ iiave indioatioi^s of .musjb 
important chaifges, and of the conversion of the b^d of ,tb^ 
Hebridean oolitic Aea into an estuarine and terre^i^il are^^) 
which, after a considerable lapse of iime, ^became submerged 
under oeea^ie conditions^ and had a new series of JsumQ? 
strata deposited upon it. 

If I read what I have seen aright, the Plutonic {Jienomena 
which accompanied these changes w^era not less interestHug. 
The great and tfaidk sheet of imperfeetly columnar baaalt 
which has so wide an extension in the Island of Skye, and 
plays so important a part in Idie formation of the magnificent 
scenery of its coasts, was the product of a suibmarine erup- 
tion, which, if we reg9>rd ^his basalt as an overflow, bas it3 
geological date marked to a nicety, having ocouoriied at titte 
close of the middle and at the commencement of the upp^ 
oolitic period. This vast cap of compact volcanic m3,ttepr 
served ^ assist in the consolidation of the muddy and sandy 
marine accumulations over which it spread, and tbe Titanic 
throes of this region of eruptions elevated the whole probably 
above the level of the ocean, and converted a part M least of 
the sea-bed into dry land, <the area of whi(^, a^d of its fresh 
and brackish waters, became again submerged, to be again 
overwhelmed by the destructive outpourings of submarine vol- 
canoes ; their results we now aee in ^the great and thick ixiass 
of trap forming the line of hills constituting the chain of th^ 
Storr. This trap has features distinct from those pr^ented 
by the bed between ihe middle and upper oolites. It jis in 
great part an amygdaloid, and its vesicular charaeteir jnay 
indicate the formation of it at a different depth of water and 
under different circumstances — a conclusion consistent with 
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the indications presented by the fossiliferous strata which it 
overlies and alters. 

Another view may be taken, however, of the origin of the 
basaltic sheet intervening between the upper and middle 
oolites in Skye, one which would seriously affect the preced- 
ing estimate of its date. It may be regarded as intruded 
trap, insinuated between superior and inferior strata at an 
epoch long posterior to that of the deposition of the former. 
A minuter investigation of the geological phenomena of the 
north and west of Skye than has yet been made will probably 
determine which view is the right one beyond question. But 
in the present state of the evidence I incline to regard the 
basalt as contemporaneous with the oolites, and as of the de- 
finite date which its position in sequence of beds seems to 
indicate. The great spread and uniform thickness presented 
by this sheet of basalt, as far as it has been examined, the 
unaltered condition of the strata which lie upon it, and the 
baking of the rocks beneath it and of those which the jets 
connected with it pass through, are facts which determine 
me at present to regard it as a bed of the date previously 
suggested. At the same time, in the Loch Staffin section 
there are appearances at some of the points where the trap 
bursts through the superincumbent strata which I could not 
clearly make out, and which, from their connection with the 
faulting of the beds, at first sight seemed to indicate disturb- 
ances produced by the lower trap. My belief at present is, 
however, that the disturbances alluded to are results of the 
jets of amygdaloidal trap distinctly seen bursting through 
the lower and middle oolites and the basalt, and breaking up 
and baking the estuary beds and Oxford clay, on which the 
amygdaloid is overspread in mass. 

The area of the Hebrides appears to have been a scene of 
igneous eruptions and disturbances of level from a very early 
geological period down to the age of the newer tertiaries. 
These beautiful and singular islands present a rich field for 
geological explanation, much as has been done among them. 
Their palaeontology, one of the freshest and fullest mines 
for discovery yet remaining in the British Islands, may be 
said to be unexamined. The working out of the exact re" 
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lations in age of the igneous with the stratified rocks of the 
Hebrides, and of the physical and vital phenomena deter- 
mined by the several eruptions within their area, will sooner 
or later be one of the most delightful and best rewarded 
tasks to which a competent observer can apply. 

The following is a list of the fossils collected at Loch 
Staffin by Professor E. Forbes, and of the new species dis- 
covered, figured, and described by him in his Memoir in the 
Quarterly Journal of the Geological Society for May 1851. 

1. Oxford Clay^ 
1. Ammonites cordatus, Sowerhy. 2. Ammonites Eugenii, 
Baspail 8. Ammonites Vernoni, Phillips (?), possibly a 
variety of A. biplex. 4. Ammonites, fragment of a species 
nearly allied to A. zignodensis of Alcide D^Orbigny. 6. Belem* 
nites Owenii, Pratt. 

2. StaJUn Estuary Shales. 
1. Rissoa (Hydrobia) conulus. Paludina conulus of 
Robertson. 2. Neritina Staffinensis. 3. Ostrea Hebridica. 
4. Perna Murchisonii. 5. Trigonia tripartita. 6. Unio (?) 
Staffinensis. 7. Cyrena Jamesonii. 8. Cyrena Arata. 9. 
Cyrena Cunninghami. 10. Cyrena MacCuUochii. 11. 
Potamomya (%\ Sowerbii. 12. Potamomya (?) Sedgwickii. 



Physical Demonstration of the EartKs Motion of Rotation^ by 
means of the Pendulum. By M. L. FOUCAULT. 

The rotation of the earth around its axis is one of those 
physical truths which appear too incontestable for any one 
to venture to call in question. Notwithstanding this, we 
have indirect proofs only of its existence ; some of these are 
derived from the apparent movement of the sun and of the 
vault of the. heavens, others from the existence of centrifugal 
force, and others from the flattened form of the terrestrial 
globe at the poles, &c. To these proofs M. Leon Foucault 
has just added a new direct one of such kind as to convince 
the most incredulous, if any such still exist, for he has suc- 
ceeded in rendering the rotation of the earth as evident to 
the sight as that of a spinning-top. In a^%i|>J|f|o^^(^tt^t: 
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piiblloatidii of the circtmidtfintial details of his beantifbl ex- 
pBiisbieiit^ which M. FoucIemiH has promisi8d to comiiraniGatey 
we shell- endesvonr to give our Feaders ik mjanmrnfy id^at of it^ 
from the extract which has appeared in the Gomptes Rendus 
de TAcademie des Scies^esv foi^ Febmaory the Sdy 1851. M. 
Foudaiilt remdrkSy firsts that the motement of transiatiott of 
th6' enrth may be discarded^ as ii exert» no influence upon the 
phenomenon in qiieetion ; he th^n supposes an ob^edrver to 
be trflinsported to the pole, and thete to set up a pendulum of 
the utmost simplicity, i.e,^ a pendulum composed of a heavy, 
homogeneous, spherical mass, suspended by a flexible wire to 
an absolutely filed p^nt ; he supposes, moreover,* that this 
^oiM of suspenskm lies exactly in the pr<))6ngaFiion 6f the 
aicis of rbtation of the globe, and thalt the dolid fHeees ^liich 
8«ppoiH^ it do n^paVtieipate in the diurnal motioti. If, under 
these circumstances, the mass of the pendulutn be tooved 
from its position of equilibrium, and it be left simply to the 
action of gravity, an oscillatory movement is produced in the 
direction of atit at-c of a ch^le, the situation of Whidi is dis- 
finctly defined, and to which the inertia of matter ensures an 
invariable position in space. If, then, these cyseillatiorts Con- 
tinue during a certain length of time, the motion of the earth, 
which incessantly turns from the west towards the east, will 
becoi!ne sensible by contrast with the immobility 6f the plane 
of oscillation, the trace of which upon the ground will appear 
excited by a motion conformable to the apparent motion of the 
celestial sphere ; and if the Oscillations were capable of con- 
tinuing fot twenty-four hours, the tra6e of their plahe would 
perform during the same period an entire revolution about 
the vertical projection of the point of suspension. 

These are the ideal conditions under which the motion of 
rotation of the globe would become immediately evident to 
observation. But in reality we are obliged to take a point 
of support upon a moving surface ; the rigid attachments of 
the upper extremity of the wire of the pendulum cannot be 
withdrawn from the influence of the diurnal motion, and it 
appeared at first sight that the motion communicated to the 
wire and to the mass of the pendulum would alter the direc- 
tion of the plane of oseillation. But M. Foueault has suc- 
ceeded theoretically in ascertaining what has since been 
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confirmed by experiment, tliat provided the wire of the 
pendulum, be round and homogeneous, it may be made to turn 
round upon itself with tolerable rapidity in either direction 
without sensibly influendng the position of the plane of 
oscillation, so that the experiment which we have just de* 
scribed would perfectly succeed at the pole. This remarkable 
independence of the plane of oscillation and of the point of 
suspension, is a mechanical phenomenon dependent upon the 
inertia of matt^, which may be rendered evident in another 
form by means of a very simple experiment^ which led M. 
Foucault to the discovery. After having fixed upon the arbor 
of a lathe, and in the direction of its axis, a round and flexible 
rod of steel, he set it in vibration by moving it from its posi- 
tion of equilibrium and leaving it to itself. He thus produced 
a plane of oscillation, which, by the persistence of the visual 
im{>ressions, was clearly delineated in space; and he remarked, 
that on turning round with the hand the arbor which formed 
the support of this vibrating rod, ihe plane of oscillation was 
not disturbed, but always retained the same direction in 
space* 

Returning to the pendulum, the phenomenon which is in 
its greatest simplicity at the pole becomes complicated, al- 
though continuing to exist on descending towards our lati- 
tudes. In fact, in proportion as we approach the equator, 
the plane of the horizon, which at the pole was perpendicular 
to the axis of the earih, becomes more and more oblique to 
it ; and the plumb line, instead of turning upon itself, describes 
a more and more open cone, the summit of which is at the 
centre of the earth. The consequence is a retardation of the 
apparent motion of the plane of oscillation, which vanishes 
at the equator, previous to changing its direction in the other 
hemisphere ; in fact, the angular displacement of the plane of 
oscillation is equal to the angular motion of the earth in the 
same time, multiplied by the sine of ihe latitude. This 
motion of the plane of oscillation of a simple pendulum, 
whereby it appears to turn around the vertical line in the 
same direction as the stars, and which would cause it to 
complete an entire revolution in twenty-four hours at the 
pole, and a fractioa of this revolution proportional to the 
nne of the latitude of the plane where the experiment is 

Digitized by ^^jUO^lC 



104 M. Foucault on the Physical Demonstration 

made, is a purely geometrical phenomenon, the explanation 
of which can be given by simple geometry, as has been done 
by M. Foucault. This was remarked by M. Poinsot at the 
mi^eting of the Academy on the 25th of February, on suggest- 
ing, in support of his opinion, a new experiment to be made 
6y M. Foucault. 

We shall now shew the manner in which M. Foucault has 
proceeded to determine the import and probable magnitude 
of the reality of the phenomenon which he had so well anti- 
cipated. We shall borrow the description of his experiment 
from the extract which he has given of it in the Camptes 
Mendiis of the Academy. 

" In the vaulted roof a cellar, a strong piece of cast iron 
was firmly imbedded to aflFord a support to the point of sus- 
pension, which emanates from the centre of a small mass of 
tempered steel, the free surface of which is perfectly hori- 
zontal. The suspending wire consists of steel strongly 
hardened by the action of the draw-plate ; its diameter varies 
from xVths to i^ths of a millimeter ; it extends to the length 
of two metres, and to its lower end is attached a sphere of 
brass turned and polished, and which, moreover, was ham- 
mered so that its centre of gravity should coincide with its 
centre of form. This sphere weighed five kilogrammes, and 
a sharp prolongation was fixed to it, apparently forming a 
continuation of the suspending wire. 

" When it is wished to make the experiment, the first thing 
to be done is to put an end to the torsion of the wire, and 
the rotatory oscillations of the sphere. Then, for the purpose 
of displacing it from its position of equilibrum, it js inclosed 
in a noose of silk thread, the free extremity of which is at- 
tached to some fixed point in the wall, at a small height above 
the ground. According to the length given to this thread, 
the displacement of the pendulum and the magnitude of the 
oscillations which it may be wished to communicate to it, are 
arranged arbitrarily. In general, in my experiments, the 
oscillations at the beginning comprised an arc of from fifteen 
to twenty degrees. Before proceeding further, it is requisite 
to deaden by some obstacle gradually withdrawn, the oscil- 
lating motion still exercised by the pendulum while restrained 
by the thread and suspending wire. As soon -as the pendu-. 
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lum has acquired a state of rest, the silk thread is burnt at 
some point of its extent, the noose which enclosed the sphere 
falls to the ground, and the pendulum, obeying the sole force 
of gravity, is set in motion, and exhibits a long succession of 
oscillation, the plane of which soon experiences an appreci- 
able displacement. 

*' At the end of half an hour this displacement is such as 
to be obvious ; but it is more interesting to examine the 
phenomenon more closely, so as to be satisfied of the con- 
tinuity of the eflTect. For this purpose a vertical point is 
made use of, a kind of style mounted on a support which is 
placed upon the ground, so that during its to and fro move- 
ment, the sharp appendage at the base of the pendulum, 
when it reaches the extremity of its arc of oscillation, almost 
grazes the fixed point. In less than a minute the exact coin- 
cidence of the two points ceases to exist, the oscillating point 
becoming constantly displaced towards the left hand of the 
observer, indicating that the deviation of the plane of oscil- 
lation takes place in the same direction as the horizontal 
component of the apparent motion of the celestial sphere. 
The mean magnitude of this motion, compared with the time 
occupied in its production, she^, conformably to the indica- 
tions of theory, that in our latitudes the horizontal track of 
the plane of oscillation does- not complete an entire revolu- 
tion in twenty -four hours. . 

'' To the politeness of M. Arago, and to the intelligent 
zeal of our able instrument maker, M. Froment, who has so 
actively seconded me in the execution of this undertaking, 
I am indebted for being able to repeat this experiment 
upon a larger scale. Taking advantage of the lofty transit 
room of the Observatory, I have been enabled to give a length 
of eleven metres to the wire of the pendulum. The oscilla- 
tions are thereby rendered longer and slower, so that between 
two consecutive returns of the pendulum to the starting point, 
a sensible deviation towards the left becomes clearly percepti- 
ble." * — Bibllotheque Universelle de Geneve^ Mars 1851. Phil. 
Magazine, vol. i., 4th series. No. 7, p. 575. 

* This famous experiment has been repeated in various forms, and success* 
fully, by many competent authorities in this country. — Ed. Phil. Journ. 
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Obsertfations on the Effects of Local Tnfluenees upom the For- 
mation of S^ata. By Mr Oscar Fraas. 

Mr Oscar Fraas, in his interesting memoir " Oa the Com- 
parison of the Gevmaa Jura Formation with thogie of France 
aod England/^ inirodnces his sulr^ect with the following 
obserTations on the effect of local infloenees upon the for- 
nation of strata, which will interest our geological readers : — 
^ The older tbe formations are, the easier is tiieir compariscni 
with each other in the different districts of the earth's sor- 
face. Because the farther we trace the genesis of the eaieih 
in. its earlier times^ the more uniform do we find the soil and 
climate with its inhabitants ; so thai species exist in the 
transition rocks which are identical m Asia^ Europe, and 
America. In tbe newer formations this phenomenon never 
re-occurs, because tbe younger the earth becomes, the more 
manifold are the conditions of soil and climate. In the 
Jurassic period, then, soil and climate have already become 
so different, that it is only by a comparison of the same 
stratum in different countri^, that we can arrive at a deci* 
wtbtk with respect to its identification. 

The disfihnilarity of tbe bottom cf the sea, and that of the 
bays and gulfs, exerted an influence upon the formation of 
strata too great to admit of an extensive deposit appearing 
everywhere the same. Besides, there were the conditions of 
tbe shores, ^e propinquity or distance of the land, the depth 
of the sea, the mouths of rivers, and local influences in gene- 
ral, by which the term stratum must, in different parts^ have 
been differently formed. The younger the jicpassic strata 
are, consequently the more apparent become the different 
local conditions of a stratum. Whilst the deposits forming 
the "black Jurassic" rocks are pretty similar in different 
countries, they already difflw, in a greater degree, in the 
" brown Jurassic" series, and in the " white Jurassic*' rocks 
the characters are so manifold, that it is impossible to prove 
the identity of certain strat^ The Arietes and GryphcBoe 
limestones are found everywhere, from Swabia to England ; 
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th«y commenee the Jura formation. Bat those which form 
the last member of the deries^ the Portlaiid lime^Kmes, are 
only foond in Dorsetshire ; identically similar rocks and fos- 
silil shearing nowhere else', inasmuch as the Portland group 
ii» the tesnlt of Conditions which are' wanting in othev locali- 
ties. Portland limestone is neither found in Swabia nor in 
Switzerlaiid ; but there are synchronous deposits which may 
be parallel With it. In genei'al, therefore, in speaking of a 
oomparison of the Jurassic rocks, we have less to say of 
strata of the Same character than of the same time, and 
we are eonfined to the synchronism of the formation. Thcre- 
foi'e th^ task of comparing the Jurassic rocks of different 
loclditiesy infers the comparison of synchronous deposits with 
each other, arid the consideration of their local differences 
and conditionsy as well as the species of animals and plants 
eoBtailned in th^m. The result of this examination will be a 
restoration of the form of the sea at the Jurassic epoch, its 
es^tefision and boundaries, together with its inhabitants. In 
order to accomplish this, the observation of the local influ- 
«Dces upon the formatitm of the stra^ is of the greatest 
importanee. We have, therefore, to observe— 

1. The mfluence of the shore ^ its condition^ and its proxi- 
ntify of- distance (to the place where deposition is going on), — 
The lias sandstone, for inEttancei» which is strongly developed 
in Swabia in the lower '^blaek Jurassic" series, is never 
found after leaving the Jura until we reach Northern Eng- 
landj in the form in which it occurs with us. There it re-ap- 
pearS) because the causes of its development are the same as 
in Swabia. The lias sandstone is nothing else than tiie depo- 
sition of the lias, together with the keuper, — the transition 
of the one formation into the otiier. The yellow upper keuper 
sandstone, which is itself merely a continued deposit of keuper 
sandstone, is the first condition and factor of the lias sand- 
stone. The circumstance of sandstone being formed, generally 
speaking, proves fhe presence of a shoife consisting of sand- 
stone, which, loosened in the water, gave rise to new preci- 
pitations in another form. The sandstone shore in Swabia 
was the Black Forest, in the east of France the Vosges. 
The further we go awa^y from these sandstone (dJiores, the 
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more destitute is the lias of the sandstone formations. Thus 
also were formed similar strata of the lower ** black Jurassic^ 
formation, which appears as an alternation of limestone 
and sandstone in proximity to the shore ; and far from the 
shore, in the depths of the sea, as a pure calcareous deposit. 
Normandy is a normal type for pure pelagic precipitations ; 
formations far from the shore in the open sea. Here sand- 
stone is not at all known in the Jurassic series. The thickness 
of the strata is quite insignificant, because accumulations are 
not possible in the open sea. In this lias, saurians, fish-teeth, 
and breccia (which prove the proximity of a shore), are either 
not found at all, or are exceedingly rare. At Fontaine 
Etoupefour (Depart. Calvados), the whole lias is from 6' to 
8' thick, but even in this thickness all the divisions of the 
lias are represented in miniature ; a proof that the thickness 
also of the strata and not their materials only, depend upon 
the proximity or distance of the shore. 

2. The depth or shallowness of the sea exercises an inftu-^ 
ence upon the conditions of its inhabitants^ and consequently 
upon the species of the imbedded organic remains. We seek 
in vain in the Swabian lias for corals, which are especially 
evidence of shallow seas ; Calvados is very rich in them. In 
Burgundy, the Jura, and Normandy, whole banks and reefs 
of corals are met with in the " brown Jurassic" rocks : in 
Swabia they are rare. With the depth of the sea the size 
of the shells is also related ; the Terebratulae and Spiriferi 
of the lias are twice as large in Calvados as in Swabia ; the 
Ammonites of the ornati-clay grow here to such a gigantic 
size that one who has only seen the Swabian specimens can 
scarcely recognise them again. We need not point out that 
the materials also of the deposits, and their greater or less 
thickness, are connected with this point. 

3. The quality of the water. — Apart from the many springs 
and currents in the sea which carry with them lime, quartz, 
and other matters to be contributed to the formation of rocks, 
there are especially two great causes which, sometimes con- 
jointly, and sometimes in succession, are continually at work 
contemporaneously forming a stratum with varying charac- 
ters at different places. These important factors are the 
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salt water and the river water. The former is particularly 
adapted to form limestone beds, consisting of the often scarcely 
distinguishable remnants of molluscs and zoophytes. Remains 
of a few plants and bones, scattered about without order, 
bivalves with their separated shells, and remains of other 
molluscs lie buried, or rolled up in heaps, more or less water- 
worn. But where river water unites itself with the sea, 
there the deposits consist of clay, argillaceous limestones, 
and sandstones, according to the nature of the soil through 
which the rivers take their course. Regular strata here 
exist. Remains of plants and wood ; saurii and sepise are 
common. The molluscs lie frequently grouped into families, 
in nests together. Fixed corals are entirely wanting. Con- 
stant Prevost has ventured to explain from these two alone 
the differences of all the formations. Among the Jurassic 
strata he points out as of marine formation the arietes and 
gryph<B(B beds^ the oolitic limestones of the " brown Jurassic" 
series, the great oolite, the macrocephali bed, the coral rag, 
and Portland limestone ; and as fluvio-marine formation, the 
lias sandstone, the '* black Jurassic" clays and marls, the 
sandstones and clays of the brown Jurassic series, the Oxford 
clay,* and the Kimmeridge clay. At all events we here see 
how one stratum is variously formed in different localities, 
according to the local influence of the sea water, either by 
itself or in connection with river water. 

If we regard the different Jura formations from this point 
of view, we see also the impossibility of having common 
names for different strata. Most of the names are only cor- 
rect as local names, and have only a special meaning ; but 
as soon as these special names are applied to other similar 
strata, they confuse and puzzle us. What confusion have 
the appellations Bradford clay, Oxford clay, Kimmeridge 
clay, and particularly the Portland, already caused in the 
German Jurassic formation? The Germans have indeed 
a right to be proud of their Jura series, for in no other 
country have these rocks found such clear stratigraphical 

* (S«e also Mr R. N. Mantell on the Oolite of Wilts. Quart. Journ. Geol. 
Boc,, voL vL, p. 3i5.— Transl.) 
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deyelopment. Why do they still giye to many a genidfie 
German stratum an English name, which by its a{>pliea^ 
tion becomes false 1 I am certain that there exists no Brad- 
ford clay either in Germany or in France ; that grey clay 
of the south of England, at the top of the great oolite, 
with its abundance of fine Apiocrinites intermedius^ elangatus^ 
and Parkinsonij and with its numerous well-preserved ierer- 
bratulcB, avicuhs^ my(B, Sfc. In Swabia we have notiijng 
similar ; the Bradford clays are a peculiar local fonnation of 
the south of England. So it is with '' Kimmeridge*' and 
'' Portiand ;'' they are and remain local names, whidb casnot 
be applied to the deposits of other localities. 

The names of the strata according to their fossHs .•are oi 
greater value. In so far as the typical sbelk in the different 
strata are the same, by comparison we soon arrive at some 
degree of clearness ; but here also we meet with )peeuliar 
difficulties, because those organisms which are leading in oi^ 
country, and which give the name to tiie stratuoi, 4isappeiu' 
from this stratum in other countries, appearing again as 
typical characters in a higher or lower stratum. This is, 
for instance, the case with Ammonites Parkinsoni; in Swabia 
it is the type for the stratum above A. coronatus^ and beneath 
A* macroeephahis ,' in France and England it is the typical 
shell in the lower polite, and is followed by A. MurcMsoms^^ A. 
Humphriesianus, and A. coronatus. In the same manner we can 
neither use for Fiance nor England such appellations so well 
adapted to the German Jura rocks as amaltheus^beds, opa- 
linus-dapsy Jttrensis-marls^ ^cjfpAto^-limestones, and others, 
because the fossils referred to appear there either not at all, 
or very rarely ; and other kinds of fossils are found which 
characterise the stratum better. A synonymic examination 
of the different stratum names is therefore necessary for the 
comparison of the Jurassic rocks. 

These general views are followed by a very interesting 
account of what he calls the German Jura formjation, which 
he describes in the following order, from below upwards. 

A. Black Jura or Lias — subdivided into — 1. Lower black 
Jura (limestone of the lower lias shale). 2. Middle black 
Jura (argillaceous Lias). 3. Upper black Jura (upper Lias 
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shale, Alum shale, Whitby shale). £. Srotvn J$fra or Oolite, 
— Thk subdivided into — 1. Lower brown Jura (inferior oolite, 
Northampton sandstone, Cheltenham Freestone, Femiginous 
beds). 2. Middle brown Jura (inferior oolite, lower coal, 
cdeaire a enirogues, Great oolite, Bath oolite, Bradford clay? 
Forest marble). 3. Upper brown oolite (Oxford clay). 0. 
WMte yi«mT--«ubdivided ijnto — 1. Lower white Jura (Maries 
Oxfordiennes superieures). 2. Middle white Jura (Scyphia- 
limestones and Lacunosa beds). 3. Upper white Jura (Coral- 
rag, Saccharoid limestone, Marble, Dolomite). 

Ai!ter a detailed and valuable accouut of the deposits just 
enumerated, Mr Fraas thus finishes his memoir : — " With 
this 1 conclude the comparison of the '* Jura'' in the countries 
mentioned. Each has its peculiar predominating formations, 
Burpassing the other members of the Jurassic series. In the 
north of England there are generally great sandstone forma- 
tions, that throw the clays and limestones into the back- 
^ound ; in the south of England and in the west of Franoe 
it is oolite ; in the east of France and in Switzerlaad, lime- 
stones ; and in S'wabia it is the clays that predominate. A 
formation, capable of being identified by geological succes- 
fiion and by organic remains, may appear in difierent coun- 
tries sometimes as sand or clay, sometimes as a limestone 
or an oolite. Still there are not merely difi^erences in the 
chara;cters of identical strata, but there are strata geognos- 
tically distinct from others. This is the case with the great 
oolite, which is so important in the English and French 
^VJura," but entirely wa>nting in Swabia and Franconia. This 
important group, often developed more extensively than the 
whole of the accompanying Jurassic formations, supplies ^he 
"Jura'' with an additional link in its chain, aoid influences its 
geological division. Of the four principal divisions of «the 
'^ Jura" — ^lias, oolite, Oxfordian, and eorallian^^-or lias, low^, 
middle, and upper oolite^, — the great oolite, ^uid tb^ beds 
abov« it, as far as the .coral-r$^g, have been taken together 
to form th^ third division ; the coral«-rag aad the superineum* 
bent beds constituting the fourth or last part. In the Ger- 
man " Jura," the relative proportions are quite diSexent : 
here, where the ^eat oolite is wanting, we must make two 
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groups of our '* brown Jura," viz., oolite and Oxfordian, which 
can bear no proportion in development to the " black" and 
the " white Jura." The other principal diflFerence arises from 
this — ^that the clays and limestones of the lower and middle 
'* white Jura," and the spongites beds, are entirely wanting 
in the Jurassic series of France and England. In Swabia, 
" oolite" is wanting ; instead of it, there is the " white Jura." 
In France and England " oolite" is present, but those mem- 
bers of the lower and middle " white Jura,' that are so im- 
portant in Germany, are absent ; for in England and the west 
of France the coral-rag lies immediately above the ornati, or 
Oxford clays. In Swabia the spongites beds, and the coral 
reefs of the ancient German Sea, form the centrum, to which 
the rest of the " white Jura" is subordinate. They form the 
summits, and, for the most part, the mass of the Alps ; whilst 
in England and the north of France the "white Jura'' com- 
mences with the coral-rag. Thus, then, in the north-west of 
Europe it is chiefly the *' oolite" formations which charac- 
terise the " Jura ;" whilst in Germany the " white Jura*' (the 
spongites beds) is characteristic. The "white Jura'' might, 
perhaps, be extended much further to the alpine limestones 
of Provence, Italy, and Austria. Victor ThioUiere, through 
Quenstedt's " Flotz-gebirge and Petrefakten Deutschlands," 
has drawn attention to and studied the Proven9al Alps ; and 
and in the before-mentioned work, " Sur les Terrains Juras- 
siques de la Partie M^ridionale du Basson du Rh6ne," * he 
has defended the opinion that the alpine limestones — with 
Terebrat diphya and Am. Tatrieus^ and, fiirther on, the red 
marble-like limestone of Italy — are nothing but the equiva- 
lents of the Swabian Scgphue limestones. T. diphya and 
Am. Tatricus, he observes, are found in the lias in the Oxford 
group (*. c, the middle " white Jura"), and in the Neocomian ; 
they characterise the " Jura" in the Mediterranean district 
{le jurassique Medilerraneen), but not any single formations. 

" The above-mentioned limestones, called also the Crussol 
and Porte la France limestones, more especially contain Am. 
polygytatus. Am. polyploeus. Am. biplex. Am. fiexuosus^ Am. 
hecticus^ Belem. hastatus, Aptychus imbricatus, Terebrat. tacu- 

* BnUet. de la Soc. Geol. de France, S^nce 8 Nov. 1847. 
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nosa^ and T. nucleata^* all characteristic of the ** white Jura/' 
Even if the sponge corals are wanting in the -AlpSj this must 
not mislead us. Corals can never be characteristic of forma- 
tions ; they appear, rather, everywhere, if climatal conditions 
have beien favourable ; and the sponffites limestones of Ger- 
many were only an other /acf>* of the sea, which in the south 
of Europe has formed the alpine limestone. With this view, 
the stratigraphical order of the other Jurassic formations 
agrees ; for in Provence, below the alpine limestone, the 
ornati clays with Am, Parkinsoni occur ; lower down the opa- 
linus clays and the lias. This Jurassic group extends, in 
France, ^rom the Mediterranean, along the Cevennes and the 
Alps, to Mont d'Or Lyonnais, and in the north of the Isere 
Department, where the form of the English-French ** Jura'* 
commences. If, now, in the latter Jurassic range '* oolite*' 
is pre-eminently developed, and in the north of Europe 
(Russia) the " brown Jura" predominates, it seems that the 
German *' Jura" forms the transition from the " Jura*' of the 
north to that of the south, where the " white Jura*' has its 
chief development The English-French gulf of the Juras- 
sic sea, in the middle of which we now find the Paris and 
London basin, constitutes, with its " oolite*' formations, an 
isolated group analogous to that of the northern " Jura," with 
its masses of " brown Jura." The fauna of the north exhi- 
bits but slight differences ; but the contrary obtains with the 
formations and inhabitants of the southern Jurassic sea, 
stretching over Italy and Greece towards Africa and Asia. 
In the middle, between north and south Europe, lies the 
German "Jura," separated from that of the north-west by 
the absence of the "great oolite," but generally containing 
in itself the substances of the northern and the southern 
" Jura," and at all events forming, by its coral bank, the north 
edge of the northern Jurassic sea." — Leonhard U, Bronn^s 
Neues. Jahrbuch fiXr Mineralogie, U,S.W. 1850, 2 H.—The 
(Quarterly Journal of the Geological Society ^ vol. vii.. No. xxvi^, 
p. 42. 



* Quenstedt. Petref. Deutsch., p. 264. 
VOL. LI. NO. CI. — JULY 1851. H 
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Experiments on the Thermottc Effect of the Compression and 
Expansion of Air, By Professor PiAZZi Smyth. Com- 
r mtttnicated by the Author. 

Having proposed some time since the thermotic effect of 
the compression and rarefaction of air, as a means whereby 
the atmosphere of rooms in tropical climates might be lowered 
to a degree suitable to the health and comfort of the inmates, 
I had felt the want of some actual experiments, which might 
exhibit to practical men more convincingly than the results 
of theory alone, the sufficiency of the principle for the purpose 
proposed ; and as the theoretical quantity depends upon the 
capacity of air for heat, a relation by no means well known, 
and inquired into with much difficulty, it appeared worth 
while for higher purposes to put these experiments on re- 
cord, in the absence of any better ones. 
. All that I could ascertain as having been don« before was 
on far too small a scale to give trustworthy results. Dr 
Darwin, for instance, experimenting on an air-gun, and Mr 
Dalton on a thermometer in an air-pump, and thereby having 
manifestly to deal with such excessive losses by conduction 
And radiation, that it is not to be wondered at that they should 
have fallen far below the truth. 

I had had an apparatus made at the Oape of Good Hope 
in 1844, and another in Edinburgh in 1846, but both being 
too small to prove much more than.the mere existence of the 
principle, need no further mention here, as in 1849 I was 
enabled, by the kindness of Mr Wilson of KinneU, to operate 
on the air of his blowing machines at the blast furnaces ; and 
was thus placed under even more favourable circumstances 
than if I had had the largest size of experimental apparatus 
actually constructed. 

The furnaces in question are situated a few miles up the 
Firth of Forth, and are supplied with air at an average pres- 
sure of 3 lb. to the square inch, by a steam-engine working 
two double-acting pumps, each about 4 feet in diameter, and 
8 feet long. Here, therefore, was an admirable opportunity 
for determining, sensibly free from all effects of heat of fric- 
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tion of the piston, and conduction and radiation by the pipes, 
—firsts the increase of hejtt which air undergoes when sub- 
mitted to a compressing force of 3 lb. per. square inch ; and 
second^ the decrease of beat on escaping from the same. 

The air is carried by four short wide tubes immediately 
from the pumps, — ^which are enclosed in the engine-house, and 
fie bomontally, — ^to a large sheet-iron tubular reservoir, con- 
tained between the roof and the ceiling of the said house ^ 
and thence by long pipes to the several furnaces. There is 
nothing beyond the elasticity of the air itself to equalize the 
pressure during the different parts of the stroke of the pump ; 
and the particular exertion of 3 lb. being only the consequence 
of the quantity of air forced in by the pumps, and the area of 
exit hole in the furnaces, — ^is liable to alter continually, as one 
or another furnace may be turned off or put on again from 
time to time. 

Having proceeded to the place in company with Mr Stir* 
ling, C. E., a^d Captain DriscoU Gosset, R. £., in December 
29, 1849, we determined to operate on the large reservoir in 
the enclosed space between the ceiling and roof of the engine- 
house ; and Mr Wilson's men having obligingly bored a hole 
in the flat end of the reservoir, we thrust therein a tin tube 
armed vnth stopcocks, thermometers, and a mercurial pres- 
sure-gauge. 




eorrpressed 
air 



The tube was made in two halves, so that the first, pro- 
vided only with a stopcock, might have its conical end forcir 
bly driven into the hole, and, when fairly fastened there, the 
other half was connected by a union joint. The first stop- 
cock being now open, the compressed air of the reservoir, 
which had hitherto reached so far, proceeded on into the 
second tube which had another stopcock near its extremity. 

h2 
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But before reaching this, the air had to pass the bulb of a 
thermometer in the middle of the pipe, and pass the opening 
into a mercury gatige close by : thus giving its temperature 
undev compression, and the degree<of that compression. 
• On opemng the 2d stopcock the air rushed out into the 
atmosphere, striking^ in so doing, on the 2d thermometer, 
placed just within the exit mouth of the tube ; a comparisoii 
of the 2d thermometer with the Ifit diould therefore 
shew the lowering of temperature on air escaping from 
compression, and by determining the temperature of the air 
entering the valves of the pump below, and comparing that 
with thermometer 1, or the temperature in the reservoir, the 
increase of heat on air undergoing a certain compression 
could be determined. 

These temperatures and pressures were not however to be 
determined so very easily, by the mere -reading off the ther- 
mometers in any way ; for 

IsL With TfdgSkxd to the temp^ature of ^he air entering the 
ipumps, if the thermometer was held, too far from the valves, 
it was not sufficiently identified with the stream of entering 
«ir ; if too close, some of the compressed air would escape 
out of the cylinder on the closing of the valves, and so in- 
fluence the height of the thermometer. But after holding 
the thermometer in various positions, and taking readings 
through a considerable length of time, it was concluded that 
63° would represent the temperature without a greater error 
than + r. 

:2d. With regard to the temperature of the air, on having 
passed the force valve of the pump, or on having entered the 
reservoir. This might have been best determined by a long 
thermometer placed in the wki^/^ of the reservoir ; whereas 
our thermometer No. 1 intended for this purpose was in a 
■tin tube some two feet long and only one inch in diameter ; 
-the consequence was that when the 2d stopcock was closed, 
eand there was no stream of condensed air throuffh the pipe, — 
J)ut ii was merely then in a quiescent state, — ^itwas rapidly 
acted on by the temperature of the room generally into which 
J;he pipe protruded out of the reservoir. The real tempera- 
.ture of the reservoir was therefore best obtained by. opening 
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siopoock 2 partially (No- 1. was always wide open), tiius 
allowing the air to issue continually, and strike on the bulh 
of the thermometer. But if the st(^cock wad opened too 
wide, and its bore was fully one inch, or the same as the 
tube, then the air escaped so fast that the whole tube was to 
be looked upon as the escaping hole, and the air had partly 
escaped from the resenroir compression, and was therefore 
in the act of cooling by expansion . By keeping, however, the 
stopcock about one-third open, it was found that not only was 
the highest temperature obtained, but it was so constant,- and 
varied so little aa the opening was either enlarged or de- 
creased, within certain limits on either side of that proportion ^ 
that the mean thermometer reading of 92°, as obtained^ was. 
thought to be true to a less quantity tlian the first element. 

3(f. In the matter of the pressure of the air as shewn in 
the mercury gauge, that was determined when stopcock No. 
2 was quite closed ; for any opening of it, by causing a main 
stream through the pipe, detracted from the pressure exerted 
on the mercury. The gauge consisted of a bent tube open 
at the external end, and containing mercury in the lower 
bend, the air entering from the pipe into the glass tube 
pressed the mercury dovim on that side, and the height of the 
fluid in one above the other, was read off by a scale of 
inches attached, and was generally about seven inches. 

And 4rt. With reference to the temperature of the air on 
escaping from compression, if the outer stopcock was too 
widely opened, the mercury pressure gauge fell, and the ther- 
mometer stood high, on account of the air not having had time 
or space to expand. But when the passage was rather 
throttled, the gauge rose, and the temperature fell, the smaller 
quantity of escaping air having decidedly room to expand and 
rarify. Care had to be taken, however, in this case, not to 
close the opening too much, but always to keep up such a 
stream of expanding air as should be able to completely 
envelope and impress itself upon the bulb of the thermomer. 
ter, which then stood at the average height of 65^ and tbd * 
same result was obtained when thermometer No. 2 was. . 
taken out of its socket under other degrees of opening, and 
held atvSome distance away from the mouth of the pipe, so 
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as to allow the escaping air to expand more freely to the 
atmospheric pressure. 

Thus the general result may be stated as beings that air 
being submitted to a pressure of 7 inches of mercury, rose 
in temperature from 63° to 92°, or 29° Fahr. ;. while, in 
escaping from the same, it fell from 92° to 65°, or 27° Fahr- 

The barometer was not observed on the occasion, but it is 
belieyed that 29*6 inches would be extremely close to the 
height at the time ; and with reference to the index errors of 
the thermometer, the relative errors of which upon each 
ottier are more important than the absolute quantity, but 
which had been found not to exceed 3° at the freezing point, 
a comparative trial was made on the evening of the day of 
experiment. The thermometers were placed side by side in 
a still room, and after an hour were read off, and both read 
5T°'6 ; they were then put into an adjacent vessel of water, 
and^ after half an hour, being looked at again, each was se- 
parately found at 56°'5, so that no sensible quantity of cor- 
rection was required here. 

The observations themselves — thirty-four in number, taken 
with all possible precautions to guard against personal errors, 
by reversing the observers, 4&c. — are given below, and will 
afford a clearer idea of the degree of value to be attached to 
the result. 

With reference to the pi^tical application of the prin- 
eiple, this was shewn to be not only possible, but extremely 
promising, and has been described in.the Practical Mechanic's 
Journal for October Ist,^ and December 2d, 1850^ while the 
connectiim of this isolated fact with the general theory has 
been taken up by Mr W;.Petrie, C.E., in his excellent pa^r 
published in the present Number of this Journal, and has* 
also been shewn by Mr Macquom Bankine, C.E., to be con- 
formable to the indications of his Mechanical Theory of. 
Heat. 
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Observations on the Tliermotic^ Effect of the Compression of 
Air at the Kinneil Iron-JTorks, Dec. 29, 185ff. 



Temperature of 


•air entering pumps 63° ± 1", determined by Mr Stirling. 
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On the Eelation between the Changes of Temperature and 
Volume of Gases. By WiLLiAM Petbib, Esq., C.E. 
Communicated by the Author. 

Several questions in art and science have lately required 
for their solution the information referred to in the title. 
In the absence of experiments, I endeavoured to obtain a 
formula for it in the following manner : — 

1. Without taking up any theory of heat, we know as a 
fact that heat is the 'cause of the apparently self-repulsive or 
expansive power of gases, for that power varies with the 
temperature. We may also, with tolerable certainty, con- 
sider the mutual repulsions so caused between the particles, 
to centre in the particles themselves* No matter how the 
repulsiv.e effect is brought about, it must have relation to 
the particles as centres, because they are the subjects of it. 

Therefore the repulsive effect must, almost necessarily, 
follow the selfTevident law of all central or radiating forces, 
namely, that it varies as the inverse square of the distance; 

th&t is, any two atoms of gas^ placed at j th the distance, 

without any gain or loss of heat (the repelling cause), must 
repel one another with L^ x the force. 

Therefore, a mass of air compressed, to ^th of its lineal 

size, or j3 of its bulk, will have its particles L x as close to 

each other ; th^n (from the above) they should each repel the 
other with L^, x the force, and there will be L* times the 
number of particles per square inch, so pressing on the sides 
of the containing vessel ; therefore there will be L* x the 
total force, per square inch, on the containing vessel. 

Or put N=L*, then,, similarly, air compressed to -s^th the 

bulk will have N* x the expansive force per square inch. 

Now, it nlust be remembered that this is the expansive 
force of air in the same condition (as to the possession of 
heat) as it was before it was compressed ; and, as air begins 
to part with heat direetly it is compressed, it is evident that 
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this formula must relate to- its condition before it has so 
parted with the heat which was rendered sensible by the 
compression. 

2. But it is known also, by experiment^ that after the air 
has parted with the heat that was developed by compres- 
sion, the expansive force of the air is only in the simple 
ratio of N. The heat it has parted with was, therefore, so 
much as would cause, ceteris paribus^ an increased expansive 
force of N*. 

Before proceeding, let 

T be the number of degrees temp, above 32^ that the 
air has- when its volume is unity, and expansive force 
unity. 

t the number of degrees increase of temp, to be im- 
parted to it above T. 

F the multiple of expansive force, per square inch, 
which the air acquires at temp. T-t-^ (the bulk remain- 
ing the same). 

3. Now, it is already known by experiment that one de- 
gree of rise in sensible temperature while the air is allowed 
to expand under same pressure, expands air ^ J^ of what its 
volume was at 32^ Or, if the volume be kept constant, one 
degree rise in the temperature of the unexpanded mass in- 
creases its expansive force by ^i^ when the temperature is 
32''. In other words, 

That is to say, the quantity of additional heat required by a 
mass of air to make its expansive force to be F, is, in all 
cases, so much heat as will raise the sensible temperature of 
that mass (F- 1) x (480 + T) degrees. 

Wherefore, reverting to the first conclusion, that the heat 
parted with (after air has been compressed, and when it has 
cooled down to the previous temperature) is as much as 
must, when existing in it, — ^have multiplied the expansive 
force by N*, this N* becomes the F of the last formula, and 
the last formula with this substitution becomes 
^=(N*-l)x(480 + T) 
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which shews that the heat developed by compressing the air 

to :j^th of the bulk is so much as to raise the temperature of 

that compressed air (N*— 1) x (480 + T) degrees above T, its 

previous temperature. And by derivation, 
rT + /+480\». 

T80"j ^"^^" 






The question of the specific heat of gases may be deter- 
mined by the preceding data and the dynamic equivalent of 
heat, which, after the researches of Joule and Rankine, may 
be considered to be about 700 foot-pounds for one degree of 
temperature in one pound of water. 

The above formula also indicates — 

1. That the specific heat of a gas is the same, for equal 

weights, under any pressure. 

2. That for different gases, at equal pressure and tern- 

perature, the specific heat for equal weights is in- 
versely as their specific gravities; or, that it is 
equal for equal volumes, in all gases. 

3. That the specific heat of equal volumes of a gas, at 

the same pressure, but at different temperatures, 
varies inversely as the temperature, reckoning the 
number of degrees from 480 below the freezing 
point of water ; and, therefore, the specific heat for 
equal weights of the same gas is the same at all 
temperatures. 
If the experimental determinations of the specific heat of 
gases could, on the other hand, be sufficiently relied on, the 
dynamic equivalent of heat might be determined by calcula- 
tion with these data, independently of direct experiments. 

In the preceding formula, it will be seen that such ele- 
ments as the absolute amount of the initial unit of pressure, 
the specific gravity, the specific heat, and the chemical nature 
of the gas itself, do not affect the mutual relations of the 
elements which are there concerned, where the absolute 
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quantity of heat developed is not in question* but only the^ 
rise of sensible temperature which that heat produces. 



Table derived from the preceding Formula, 
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To adapt this table to the case of any other initial tempera- 
ture than 60^ it is only necessary to remember that the dif- 
ference of temperature (t) will be 7^vth more than the table 
gives, for every degree that T is higher, and ^^^th less for 
every degree that T is lower. 

These results agree with remarkable precision with the 
mean of the valuable experiments of Professor Piazzi Smyth, 
— ^the difference being quite within the errors of experiment. 
The experiments alluded to were performed on an unusually 
large scale, with the air constantly replenished during long 
periods, the only- trustworthy mode of dealing with such 
attenuated matter as air. 

We see, also, from inspecting the table derived from the 
above formula, what we might otherwise have supposed to 
be very probable, Jiamely, that although infinite compression 
of air would develope infinite temperature in it, yet, in ex- 
panding it, the resulting cold only approaches that zero of 
absolute cold which our formula seems spontaneously to sug- 
gest and describe (although that idea was not designedly in- 
troduced in forming it), and that any high degree of expan- 
sion cannot cause the air to become colder than that, but 
only to approximate nearer to that limit. 

We learn also what a considerable portion of the changes 
in atmospheric temperature must be due to the barometric 
fluctuations, — ^the change being one degree of temperature 
for 0-237 inch of barometric change (at SO"" barometer and 
60** thermometer). The subject of this paper has, therefore, 
especial importance in a meteorologic point of view, to enable 
us to apply a proper correction to the observations of atmo- 
spheric temperature, for that portion of it due to variations 
in barometric pressure. 

In reference to the inventions of Professor Piszzi Smyth 
for cooling mines or apartments in hot climates, and for ob- 
taining a warm temperature in certain cases, we here find 
that there is a certain amount of expansion of the air which 
gives the maximum of cooling effect; for we have to- consider j- 
in this case, not merely the amount of decrease of sensible 
temperature, but also the quantity, of matter, air, in ^hich 
such decreased temperature exists, and the practical result 
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depends on the product of the two. By calculation we find 
that this maximum effect is absolutely obtained at an. expan- 
sion to about 2^ volumes (when T=60°), but is very nearly 
approached when the expansion is only to Ij^th volumes, — 
consequently the expansion should in no case be carried fur- 
ther than this amount in practice. 



On Spontaneous Be heating of Air Cooled by Issuing^ in a Jet, 
from a more Compressed state. {An important fact, ^ 
correct^ in regard to the Pra4:tical Application of such Vari- 
ations of Temperature.) Also, on the Possible Determination 
thereby of the Mutual Distances of the Ultimate Atoms of 
Matter. By WilliamPetrib, Esq., C.E. Communicated 
by the Author. 

When air is allowed to expand, from a compressed stsite, 
by issuing in a jet, the whole mechanical power of its expan- 
sion (or, what is equal thereto, the mechanical power which 
may be supposed to have compressed it from a temperature 
and pressure equal to v^hat it has on re-issuing,) is spent in 
producing velocity in the expanded air. This velocity takes 
the form of currents in the surrounding air, which results 
(as in all fluids) in a slower general motion of a larger body 
of the surrounding air, along with internal currents in a 
rotary direction, produced by the mingling of the primary jet 
with the surrounding air. -The slower general motion afore- 
said, and^ach of ihe internal rotary currents, again subdivide 
themselves on the same principle, so that, as time elapses, 
the primary jet becomes subdivided into an increasing number 
of currents of a diminishing volume individually, and in more 
and more promiscuous rotary directions, while the general 
motion of the jet and the air incorporated with it becomes 
less as more is incorporated, but represents continually less 
dynamic force (i.e: m x v^ becomes less) : the dynamic force 
becoming more and more invested in the secondary currents. 
This process goes on until the continual subdivision of cur- 
rents has reduced them to atomic currents ; that is to say, 
the^tmounts of motion in the ultimate-atoms-^ which (aceord- 
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ing to the most probable theory) constitutes the temperature 
of the gas — becomes increased. This increase of temperature 
being ultimately the exact thermic equiralent of the original 
dynamic force of compression mentioned above, minus only 
the force spent in sounds and such grosser vibrations at the 
early part of the jet. 

What time is necessary for a given part (half^ for instance,) 
of the motion of a jet of a given magnitude, to descend, as it 
were, to the ultimate atoms, is a question on which we cannot 
form even a vague opinion- previous to a direct experiment 
for the purpose. It may be but a few seconds, possibly a few 
hours, but more probably a few minutes, from any jet of 
ordinary sizes. It seems clear that the more minute sub- 
division of the currents requires the longer time; and it 
appears to be a question of pure mathematics, which, possibly, 
the present state of the science is competent to solve from 
practical data> — What degree of minuteness will the breadth 
of the subdivided currents or whirls,from a^ivenjet^ attain in 
a given time ; to such an extent that one-half of the dj^amic force 
of the current will be invested in currents not greater than that 
degree of minuteness f The formula is not easily produced, 
but will evidently have the time placed as the " index" of the 
quantity. And if the time in which half the dynamic power, 
from a given jet, becomes developed into heat, be accurately 
determined by experiment, the said formula will enable us 
to calculate approximately, the absolute atomic volume of the 
gas; and thence (by relative atomic weight and specific 
gravity) of all substances, a subject of which we are at pre- 
sent profoundly ignorant. 

To determine the said time (for the development of heat) 
experimentally, a thermometer and an ordinary blast will 
not suffice, as the large volume of air with which the jet soon 
mingles, reduces the whole difference of temperature to an 
exceedingly small amount, quite inappreciable by the time 
the heat is materially developed. And if the air issuing 
from the jet were confined, as in a flaccid bladder, it would 
part with its heat to the sides of the retaining material, and 
be radiated from it as fast as it was developed. But pro- 
bably some such arrangement as the following might exhibit 
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the truth of the re-heating effect, and give numerical deter- 
minations of its time, &c.* 




A, a tube, with a stop-cock, leads from a large reservoir 
of compressed air kept at a uniform pressure and tempera- 
ture. B, B, two small parallel branch-pipes from A, project 
•within the closed end of a large and long tube c, c, <?, c, of very 
thin zinc sheet, w^// c/o/A^c? outside, with light non-conductors, 
very small holes are drilled, in the two branch pipes B, B, 
exactly facing one another, so that the jets from one branch 
will meet and oppose those from the other branch, and thus 
the heat will not be developed against the sides of the tube 
(?, c, c, c, but rather in the air itself. The tube (?, <?, c, should 
be so large as to let the air move through it as slowly as is 
compatible with preventing local currents and diffusion in 
the opposite direction :. it may be placed vertical, with the 
open end upwards. Now, after the jets have been in action 
until the temperature at each part of the apparatus has be- 
come constant, the probable effect observed, in accordance 
with the preceding theory, will be a gradual rise in tempera- 
ture towards the open end of the tube, — ^from the maximum 
cold at the end where the jets enter. Thermometer rf, d^ d, d^ 
placed at various parts of the tubes' length, will indicate any 
such differences, and the rate at which the air travels through 
the tube will give the time occupied in the development of 
such temperature. The length of tube required for the ex- 
periment can only be determined by experiment. 

To detect errors of experiment chiefly arising from im- 
perfect clothing of the tube, a large orifice at the closed end 
should be connected by a tube, with a source of very quiescent 
air in a state of natural coldness, equal to that produced at 
the cold end of the tube by the jets of compressed air ; the 

* It was probably the omission of this element in the calculation from Joule's 
experiments on the dynamic equivalent of heat, that caused the assigned value 
of heat to be (as Kankine suspects) too great, to an extent that cannot be ac- 
oottnted for by errors of experiment. 
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quiescent cold air should then be turned on through the large 
orifice, with just so little pressure as to drive it through the 
tube at the same rate as the air from the jets previously 
passed. If after each -part has thus acquired a constant 
temperature, the air is observed to become less cold as it 
slowly rises in the 'tube, the amount of such effect should be 
noted as an error to be deducted in the case of the air from 
the jets. The longitudinal conduction and the radiation 
obliquely through the tube, will cause errors in an opposite 
direction to the preceding. To diminish these, the tube must' 
be either of very thin metal or of pine wood, and gilt inside. 

William Petbie. 



Letter on the Re-heating of Jets of Air, and the Belokiion be- 
tween Temperature and Compression of the same. By W. J. 
Macquorn Raitkinb, C.E. 

30 Great GEoaoE Street, Westminster, 
16th February 1861. 

Mr Dear Sir, — I herewith return to you, with my best thanks, 
the two papers by Mr Petrie, of which you ba^e been so kind as to 
give me the perusal. 

With respect to the re-heating of air by friction, there can be no 
doubt of the existence of the phenomenon, which has been established 
experimentally by Mr Joule. Professor William Thomson, of Glas- 
gow, is of opinion that this re-heating is the <;ause of the dryness of 
a jet of high-pressure steam escaping from a boiler, which otherwise 
would (as I have shewn) leave a portion liquefied to supply the 
heat necessary for the expansion of the remainder. I think the ap- 
paratus proposed by Mr Petrie well calculated to investigate the 
laws of the phenomenon. As for his theoretical idea of the gra- 
dual subdivision of currents, until they become converted into 
what I have called molecular vortices^ it is undoubtedly ingenious ; 
but of its soundness I can &s yet form no opinion. 

The part of Mr Petrie'^s other paper, wliich is independent of 
hypothetical ideas, is founded on the principle, that the pressure of a 
gas, when its volume is varied, without its receiving heat from,* or 
communicating it to, external bodied, varies proportionally to a cer- 
tain power of the density whose index is a number 7, greater than 
unity, the temperature,, at the same time, varying as the 7— 1 power 
of the density, when measured from a certain absolute zero. This 
principle is that adopted by Laplace to account for the fact, and 
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that the velocity of sound in air is \/^times greater than it ironld 
be, if the pressure during the passage of the wave of sound varied 
simply as the density. It is an approximate result of Garnot^s 
theory of heat, and also of the dynamical theory of heat as de- 
veloped by myself in a paper read to the Royal Society of Edin- 
burgh, and by Glausius, in Poggendorff*8 Annalen for 1850. 

The peculiar feature in Mr Petrie's paper is his assigning a par- 
ticular value to the index of 7, viz., 1^, as a consequence of certain 
hypothetical views of molecular action. He supposes that the elasti- 
city of a gas arises from the mutual repulsions between the centres of 
atoms — the repulsion of each pair of centres varying, for any inatan* 
taneous change of position, inversely as the square of this distance. 
This law of repulsion Mr Petrie characterises as " self-evident." 
It gives rise to an elasticity varying as the 1^ power of the density : 
and this is a particular case of a proposition demonstrated by New- 
ton in the Principia, viz., that if the mutual repulsion of each pair of 
a system of atoms varies inversely as the nth power of their distance 

n + 2 
apart, the elasticity will vary as the ■ » power of the density. 

Newton, however, did not assign any preference, d priori^ to one 
law of repulsion above another. 

It follows from Mr Petrie's supposition that y— 1 = }, so the 
temperature of a gas, as measured from the absolute zero, when its 
volume is suddenly changed, varies as the cube root of the density ; 
and upon this basis he has founded a table, shewing the rise and 
fall of temperature produced by various compressions and dilata- 
tions of a gas at 60° Fahr., which would be very useful if the value 
of the index y — 1 were correct. 

The hypothetical views of Mr Petrie, -though ingenious, are open 
(as it appears to me) to the following objections : — 

FirsL The a priori necessity of the law of the inverse squares 
in molecular actions is a doubtful assumption, which, as I have 
stated, Newton himself never proposed to make. 

Secondly, A system of mere atomic centres of force would con- 
stitute, not a gas, but a solid. On this objection, however, I do not 
insist, as it results from theoretical views of my own, which have 
not yet been generally received. 

Thirdly, The value of the index y for air, as determined by most 
careful and precise experiments on the velocity of sound, is not 1}, 
but 1'4, the limits of probable error being about 0*01. The tem- 
perature, therefore, measured from the absolute zero, varies for a 
sudden change of volume, not as the cube root of the density, but 
as the ^ power of the density, or the f power of the pressure ; 
and this index I have used in calculations which, as you are aware, 
agree with your experiments to about a degree of Fahr. 

Fourthly. The index 7 is not the same for all gases. It is 1*426 
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for oxygen and hydrogen, 1*4 for atmospherio ur, and eoBsidenibly 
less for oompound gases. 

I think that a table on Mr Petrie's plan, calculated with the in- 
dex ^u instead of J, would prove more accurate for large alterations 
of volume. For small alterations, the diflferenee may not be of 
much importance in practice, and will probably be covered by the 
loss of heat by conduction in actual machines. 

Although I state these objections, which are precisely what I 
should have said had I been present when Mr Petrie's papers were 
read, I have no design to undervalue his labour and ingenuity, of 
both of which I have a high sense. 

I mskj observe, that although you state in your paper thaA my 
method of calculation is more difficult of af^plication than Mr 
Petrie's, the difference is more apparent than reid ; the method of 
calculating approximately the effect of a given compression in heat- 
ing air is precisely the same in both, except as to the numerical 
value of the index employed. 

To prevent the re-heating of air by friction on issuing from your 
cooling machine, I would advise you to dispose of its mechanical 
power by making it work a piston or turn a revolving fan, or series 
of fans : you may thus also save some power which would otherwise 
be lost. — ^Believe me, yours very sincerely, 

W, J. Macquokn.Bankink. 
Profesflor C. Piazzi Smyth. 



091 the Origin of Salt and Salt Lakes. 

At a meeting of the Boston Society of Natural History, Pro- 
fessor H. D. Rogers presented a communication on the origin 
of salt and salt lakes. He thought that there was an inti- 
mate GonnectioDi between the present basins of salt water 
and the existing distribution of the earth's climates,— a 
connection which, fully established, promises to afford us, 
through a tracing of the distribution of the ancient salifisirous 
deposits, much insight into the climates of the earth in the 
past periods. A sound geological theory teaches, that the 
original source of the salt of the ocean, and of all tike salt 
lakes, was in the chlorides of the volcanic minerals and rocks 
of the earth's crust. The action of the descending rain is 
to deoompose these rocks, and to dissolve and float away 
into the receptacle of the sea^ the soluble salts which they 



Digitized by 



"Google 



* OH the Orison of Soli and Salt Lakes. 131 

contain. Tb^ geoiogfcul I'evoltitions shifting at Bucc^titi 
times the waters of the ocean from th^ir bedj have laid dt^ ft 
portion of the sediments, leaving behind a part of Ihd sWi* 
watei* to foe ^v^porated, thus impregnating ihe sttrata with it^ 
isalinfe iiigredi^liti^. Thus we find, that a^l the fiiarine deposits^ 
however far removed at present from any oeeakt, contaiik an 
appreciable quantity of siea-salt. The amoniit of salt in tii« 
oceati, if spread over the tlry land, would form a stratum 
several feet thick over the ithde Surfitce. 

ft\)feBSor Eogers considers, tfcat all salt basing nfust have 
been Caspians, seas without Y>atlets, where thedh^lvefd salts 
have been stored up ; all such seas are more or less saline. 
As the Caspian Sea is eighty-three feet below the level of 
the Atlantic, it may be said of this that it is the salt of the 
Atlantic, shut oJBT in this basin by some Silrftice change, and 
gradually having become very salt from ooneehl^tion in a 
contracting basin. But this cannot explain the occu^nc^ 
of salt lakes several thousand feet above the sea leveL He 
thinks the formation of these salt lakes depends on the I4w8 
of clumatology. In those zones of the earth's surface, wheriB 
the evaporation is greater than the fall of rain, and in those 
only, we find such saline kikes. In the west of Europe^ the 
fall of rain is greater than the evaporation; ih the east the 
opposite is true ; in the latter we find salt lakes and baslttS. 
In South America^ there is a prevailing wind from east to 
west, the moisture of which is stopped by the Andes, on 
whose Western side, in Peru and Chili, hardly any raiti falls ; 
amid this excessive evaporation we find salt lakes. In the 
southern iregion df South America^ the prevailing Wind is 
from west to east; its moisture is also stopped by the Andes, 
but by the western slope ; hence, on the east; we have the 
arid plains of Southern Patagonia^ where are also found salt 
lakes. The same may be noticed in California. The eoB- 
stant drainage of circuilijaeent districts has been bringing 
into insulated basins fresh accessions of sibline matter dis- 
solved or leached away from the stratik over which they flb^, 
while th^ evaporation under an arid climate, carrying bff the 
surplus water, and prevtoting its flowing on into the general 
ocean, has been the mdans of accumulating in these r<9cep- 
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tacles this constantly growing supply of salt. By this equili- 
brium between the drainage of a region and the evaporation, 
the waters become at last so strongly impregnated as to 
deposit or crystallise the salt upon their margins. Following 
up the same general fact of the incessant solution of the 
rocks, we behold in the sea itself a basin like the other salt 
ones, which has no outlet for its surplus supplies, but back 
again by evaporation into the atmosphere. Looking, then, 
at the primeval condition of an atmosphere of aqueous vapour 
just after the period when the eartii's general temperature 
was incomputable with this state of water, it was a fresh 
ocean and not a salt one. 

Professor Agassiz remarked, that the facts and views 
unfolded did, as the author said, furnish a new means of 
interpreting the ancient climates of the globe. From the 
fossil vegetable and animal organic remains, geologists have 
long felt themselves provided with sensitive indexes of the 
past temperatures of the earth at different periods, but never 
until now had they been supplied with a hygrometer. This 
Professor Rogers had furnished. 

In further confirmation of these views, Dr C. T. Jackson 
stated, that the water of the river Jordan was found, upon 
evaporation, to contain the same ingredients as the Dead Sea 
into which it flowed. 



Marie-'Henri Ducrotay de Biainvilie — Dr Fye Smith — afui 
M, JBeudani. 

1. Marie'Henri Ducrotay de Biainvilie^ member of the 
Academy of Sciences in France, succeeded Lamarck as Pro- 
fessor of Natural History in Paris, and was afterwards chosen 
to replace Cuvier in the chair of Comparative Anatomy. His 
exertions in these departments of science were pursued un- 
interruptedly throughout half a century, and the catalogue of 
his memoirs and works given by Agassiz in his " Bibliogra- 
phia,^^ amounts to no less a list than 160, — a list which might 
have been enlarged, as I learn from M. Constant Prevost, to 
180, none of them without merit, and some, like his ^ Manuel 
de Malacologie et Conchologie," and his " Osteography of the 
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Vertebrate Classes,*' being elaborate treatises which might 
well have cost a zoologist the labour of a life. 

The " Osteography," published in 1839-40, comprised the 
extinct as well as living types of vertebrate animals, and is 
the most important of those contributions to Palaeontology 
which gave him a title to be enrolled as one of our foreign 
members. M. de Blainville was himself a good artist, and the 
figures of the skulls and skeletons of nearly all the orders of 
mammalia which illustrate this treatise, are regarded by many 
eminent zoologists as the most accurate hitherto published. 

In a controversy into which M. de Blainville entered, re- 
specting the place in the animal kingdom to be assigned to 
the celebrated fossils of the Stonesfield oolite, he opposed 
the previously declared opinion of Cuvier, that they were 
true insectivorous mammals, and was inclined to believe in 
their reptilian character, — ^an opinion from which the most 
skilful comparative anatomists of Europe dissent. But while 
they decline to bow to his authority on this point, they do not 
dispute the general soundness of his views, still less tiie ex- 
traordinary range and profoundness of his knowledge of the 
animal kingdom. 

" It was the great object of his life," says M. Prevost, 
" to establish in all his works, especially in his * Osteology,' 
the doctrine that the whole series of organic beings was in- 
timately related, the links of one great chain, ascending from 
the most simple organisms to that which occupies the highesj; 
place ; in other words, from the Sponge to Man, But whilp 
he endeavoured to refer all groups and every variety of animal 
form to one and the same place, he never embraced the plau- 
sible hypothesis that each higher grade had been improved 
in the course of ages out of a lower one by transmutation ; 
on the contrary, he saw in the whole animal creation, one 
single operation, one great harmonious and divine idea, the 
various changes being neither due to chance nor to the in- 
fluence of external circumstances, but being all the result of 
one and the same original conception."— Ltell. 

2. Fye Smith, D.D.I F.B.S., §fc. 
Dr Pye Smith was President of the Protestant Dissenting 
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College at Homerton, where he was also teacher of DiTuiity. 
In this influential position he had an opppptonity of impart*, 
ing to a wide circle of pnpijs and admirers the interest which 
he felt in the new views brought tp light from tim^ to time 
by Geology. His work on ^ The Ckmnection of Scripture 
and Geology," oomprised a series of liectures delivered at 
Homerton College, in which, he endeavoured to compeAsate 
for want of practical knowledge of th^. science by t^nplft cita- 
^eoa from the works of the best contemporajry writers. He 
gave a description, in their own ^ords^ of many x^^ly dis-. 
covered iaots^ and a statement of the theories legitimately 
deduced from them, especially those most opposed to popular 
Aotioi^s derived £rom a literal interpretation of the Hebrew 
cosmogony. He dwelt especially oi) the earth's high anti- 
quity, the many changes which took place in th^ animate 
world antecedent to the creation of me^i, aj^d the divergence 
both of animals and plants &om many c^ginal centres instead 
of their multiptioation from a single point. He also considered 
how far geological facts are reconcilable with the opms^only 
received notiona respecting a universal deluge, assumed to 
have happened only 4000 years before our time. He r^minfis 
his readers of the mi|>ny tes^ts of Scripture formerly a44u<^edas 
hostile to established astronomical doctrines respecting i^e 
structure of the universe. With much good feeling, he dje- 
elares it to be the duty of theologians to sympathise with ^ien- 
iific mj^i in the doubts they entertain respecting many dogmas 
closely interwoven with the popular faith, ^d he insi^ts.on the 
inseparable relation of scientific and religious truth. AH at- 
tempts to tamper with the evidence of physical f^ts, or to 
ovade or set them aside> are denounced ; and he Q;i^pos!es t^e 
repeated failure of various schemes for torturing t|i^ Hebrew 
text, so as. to make it speak tiie language of modern phi^or 
Bopby. He. also alludes to the final abandonment, by every 
oompetent authority* of those theories which aimed, at esta^ 
blishing a coincidence between geological epochs and the six 
days of creation. I am bound to confess ijtiat some of Dr F^.e 
Smith's own efforts to remove difficulties, by modifying the 
ordinary interpretations of the Hebrew text, are to my mind as 
unsuccessful as thpse of the greater number of his predeces- 
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aors ; but I feel convinced that if that voloniinous class of hockA 
commonly called Scriptural Geologies, several of which have 
issued irom the press even since our last anniversary, had 
been written with the same candour and fairness of spirit a^ 
that of Dr Fye Smith, the public mind would have become 
ere this too enlightened to waste any more of its energies on 
controversies of this nature. 

The amiable disposition and unaffected piety of Dr Pye 
Smith secured to him the love and admiration of all who 
knew him ; and it redounds to the honour of the congrega- 
tional sect, in which for nearly half a century he held a pro- 
minent station, that the work I have cited was generally 
well received; and when he retired from his academical 
office, the sum of £3000 was subscribed to provide for him an 
annuity during his life, and to endaw after his death Divinity 
seholarships, bearing bis name, in the New College now 
founded in St John's Wood. — ^Lyell. 

3. 3L Beudant, Member of the French Academy of Sciences. 

M. Beudant, a member of the French Institute, and Pro^ 
fessor of Mineralogy in the College of France, is best known 
to us by his work on the YolcsAic Mountains of Hungary, 
entitled " Voyage Mineralogique et 06ologique dans la 
HoDgrie^ pendant 1818," published in 1832. It contains an 
excellent classification of the different varieties of trachyte, 
perlite^ pitchstone, obsidian, and pumice, together with the 
opals and other silicious minerals. His theory, that the 
lamination of trachyte and obsidian may have been due to 
the motion of the mass when in a fluid or semifluid state, has 
since been very generally adopted. 

Among his early papers we find a memoir read to the Acar 
demy of Sciences in 1816, on the possibility of causing fluvia- 
tile moUusks to live in salt water, and marine moUusks to 
exist in fresh water. The mixture of marine and fresh water 
shells observed in a tertiary sandstone, called the Gr6s de 
Beauchamp, near Paris, excited his curiosity on this subject, 
and he enjoyed facilities of making illustrative experiments 
and observations when appointed Professor in the College at 
Marseilles, near which tiie brackish water at the mouths of 
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riyers entering the Mediterranean is inhabited botti by flavia* 
tile and marine species. 

In 1817 M. Beudant published a paper on the Phenomena 
of Crystallization, treating especially of the variety of forms 
assumed by the same mineral substances. He was also the 
author, in 1837, of two treatises on Mineralogy and Greology, 
which are much esteemed ; that on Geology having passed 
through five editions, and being adopted by the University of 
France as a text-book. — Journal of the Geological Society^ 
No. xxvi., p. 25. 



The General Diatrifmlion of Iodine. 

The existence of iodine in marine and fresh-water aquatic 
plants from all quarters of the globe, is evidence of the very 
general distribution of this substance.* The state of the earth 
at the periods of the old vegetation might be deduced from the 
proportion of iodine in their fossil remains. Coal, which is 
rich in iodine, must arise from plants developed on lands still 
washed by the sea ; in anthracite, which contains less iodine 
than bituminous coal, we find that terrestrial vegetables have 
become mixed with cryptogamic plants of the coal formation ; 
and the lignites, which contain little iodine, shew that the 
terrestrial species then predominated over the crust of the 
globe. Iodine appears in the lixivium of peat; and its 
abundance in graphite seems finally to shew, that this sub- 
stance should be classed among products of organic and 

aqueous origin. Anterior to the coal formation, graphite 

— ■ ■ " - ' ■ ■ ■ - ■' r ■' ■ ■' .. I ■ 

* Mr Ghatin concludes from his experiments : — 

(1.) That those plants growing in running waters, or on the borders of large 
bodies of water which may be strongly agitated by the winds, contain more 
iodine than those of stagnant waters. 

(2.) That the proportion is very small in species that are imperfectly sub- ' 
merged or only at interyals. 

(3.) That the proportion of iodine appears to be independent of the nature 
of the plant or its place in the natural system. 

The antisorofulous effects of the cress, Veronica PheUandriuni, &c., are 
explained by the presence of iodine. 

Professor Balfour says, — '' The larger quantity of iodine contained in plants 
growing in running water, may depend on the constant renewal of iron in solu- 
tion, — ^the water containing salts of iron.'* 
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would represent the oldest vegetation of the globe. Fresh 
water animals contain iodide ; they even contain more than 
the plants which grow in the same water. From numeroas 
experiments, it may be presumed that iodine exists in varia- 
ble proportions in all the waters of the globe. The richness 
of waters in iodine may be presumed according to the more 
or less ferruginous nature of the lands they wash. The pro- 
portion of iodine ordinarily increases in water with that of 
iron, so that waters which are called ferruginous, might just 
as properly be called ioduretted waters. Waters of igneous 
rocks are more ioduretted on the average, and especially 
more uniformly than those of sedimentary earths. The 
waters of the coal formation are rich in iodine, but the waters 
of essentially calcareous and magnesian earths contain very 
little of this substance. Iodides are not necessarily propor* 
tional to the chlorides. Waters of rivers are, on an average, 
more ioduretted and less charged with earthy salts than 
those of springs ; the waters of wells, however, are at once 
most calco-magnesian and least ioduretted. The proportion 
which exists between the iron and the iodine of waters, the 
easy decomposition of the iodide of iron, and the complete 
decomposition of the iodide of the waters in evaporation 
without the addition of potassa, render it probable that the 
iodine exists in them as iodide of iron. Fermented liquors 
contain iodine : wine, cider, and perry, are more ioduretted 
than the average of fresh waters. Milk is richer in iodine 
than wine ; independently of the soil, with which it varies, 
the proportion of iodine in milk is in the inverse ratio of the 
abundance of that secretion. Eggs (not the shell) contain 
much iodine. A fowl's egg weighing fifty grains, contains 
more iodine than a quart of cow's milk. Iodine exists in 
various soils. It is abundant in sulphur, and in ores of iron 
and manganese, and sulphuret of mercury ; but rare in gyp- 
Bum, carbonates of lime, and silicious earths. Any attempt 
to extract iodine economically, should be made from fiici. 
Most of the bodies regarded by therapeutists as pectoral and 
anti-scrofulous are rich in iodine. 

Iodine in Aluminous Slates. 
Some years ago M. Forchammer brought forward an Inge- , 
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nious idea respecting the part which the specieB of Fucu$ 
take in the formation of aliuninoiia slates. It consisted in 
admitting that the fuci, after having accumulated in their 
substance the sulphates contained ia sea water, converted by 
putrefaction after death the sulphate of potash into sul- 
phuret of potassium ; this in turn precipitated the iron con- 
tained in the sea water in the state of sulphuret of iron« 
which became mixed with the clay and other substances, 
some of which are organic, and owe their presence, to the 
putrefaction of the fuci. Chemical analysis, hj demonstrat- 
ing the presence of iodine in aluminous slates, added a new 
and powerful argument in favour of this hypothesis. The 
ash of foci contains, in fact, a considerable quantity of iodine, 
which might lead to the supposition that this substance 
would be also found, at all events in small quantity, in these 
deposits, if the/tici really take that part in the formation of 
these slates, which M. Forchammer attributes. Now, M. 
Genteles, while engaged in some researches on the. manufac- 
ture of alum, has isolated iodine from the aluminous slates 
of Latorp in Sweden.' This discovery, joined to that of 
Duflos,; of the presence of iodine and bromine in the coals of 
Silesia, will suffice. to draw the attention of geologists to tiie 
confirmation which they furnish of the ideas of M. Forcham- 
mer, respecting the formation of the aluminous schists. — 
Svanber^s JahrsberichL 

Iodine in the Atmosphere y — Bain^ DeWy and Snow. 

Mr Chatin, who followed with so much success Muller in 
bis investigations in the distribution of iodine, has announced 
to the French Academy of Sciences the important fiact of the 
existence of that substance in the atmosphere, also in rain- 
water, dew, and snow. It thus appears, that iodine is very 
generally distributed, having been detected in the waters of 
tiie ocean,, lakes and springs, in the solid crust of the earth in 
various mineral compounds, — in many plants, diiefly, if not 
entirely^ aKjuatic, in animals^ and now as an ingredient in the 
eartli^s atmosphere, — ^and in rain, dew,, and. snow. 

ySTe may add, that the late discovery in the air we breathe 
of iodine and ozone, shews the importance of a more continued 
di^mM^l inv,eJilti^tion of the atmosphere, particularly during 
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the rise and progress of disease. It is indeed strange to 
abserye the time of even aocomplidhed chemists dissipated 
on subjects of but small value, while the magmficent chemiitry 
of the atmosphere is neglected. 

The following is s list of Plants in whjlch iodine has been det;ecte4 : — 

Kastortivvn officinale, very distinct. Ranunculus fluitans^ very distinct. 

Caltha palustds, traces. Ghara fietida, yery distinct. 

Carez paludosa^ traces. Lemna minor, traces. , 

—. caespitosa, traces. Glyceria fluitans, distinct. 

Yiparia, traces. Helosciadium nodiflorum, distinct. 

Arondo phra^ites, distinct. Epilobium tetragonum, very distinqt. 

Villarsia nymphaeoides, very distinct. Iris Pseudacorus, distinct. 

Kelnmbrium luteum, traces. Osmunda regalis, traces. 

-r speciosum, traces. Inula Helenium, slight trapes. 

Kymphea alba, very distinct. Scrophularia aquatica, distinct. 

Lotus, Egypt, traces. Valeriana dioica, traces. 

Nuphar luteum, very distinct. Ranunculus Flammula, traces. 

Potamogeton pectinatum, very dis- sceleratus, traces. 

tinct. Lingua, traces. 

MyriophyUnm verticillatum, very Cardamine pratensis, marshes of ViUe 

distinct. d'Arvey, traces of Iodine ; while in 

Ceratophyllum demersum, traces. Oardamine pratensis of the elevated 

"— ' submersum, very dis- meadows of Ville d' Arvey no iodine 

tinct. was found. 

¥ypha minima, traces. 

Iodine has been found also in Agaves and other plants growing on the 
floating is^ds of the lakes of Mexico. 



Farther Remarks on the Intermitting Brine Springs of Ki^ 
singen, By Professor J. D. Forbes. 

On, the 7th of January 1839, I communicated to the Boyal 
Society of Edinburgh a pretty detailed account of the singular mitieral 
and gas springs of Kissingen, in Bavaria, then much less known than 
at present to English travellers. I refer to this paper, printed in the 
Edinburgh New Philosophical Journal, April 1839, for the details of 
the most curious of these, a saline spring called Kunde-Brunnen, which 
was at that time regularly periodic ; a copious and turbulent dis- 
charge of brine, mixed with torrents of carbonic acid gas, reeurring 
six or eight times in the twenty-four hours. This phenomenon, 
exactly as described in my paper, appears to have continued with 
slight variation ever since, that is, for a period af twelve years, 
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subject, however, to the variation formerly mentioned, that when the 
brine is actively withdrawn by pumps, for the manufacture of salt, 
the periods lengthen. I have no additional observations of import- 
ance to offer on this spring, beyond the remarkable fact of the con- 
tinuity of these variations, surely the more remarkable when we 
recollect that the spring is entirely artificial, rising through an 
Artesian bore 312 Bavarian feet deep. 

Much greater changes have taken place in the Schonborn Quelle, 
briefly referred to in my former paper as having a depth of 550 
Bavarian feet, as overflowing once in seven or eight minutes, and 
yielding a feeble supply of weak brine, containing only one and a 
half per cent, of salt. The boring process has been carried on, 
though slowly, nearly ever since, and it is at present one of the 
deepest Artesian bores ever made, being, at the time of my visits, 
1878 feet. The bore passes first through Bunter Sandstein 
(which forms the bed of the valley, the surrounding heights being 
capped by muschel kalk and keuper), to a depth of 1240 feet; the 
only spring met with in that space being the small salt spring which . 
existed in 1838, which occurred at a depth of 222 feet, with a tem- 
perature of 8° Beaumur ; it yielded only 6 cubic feet per minute, 
with 1^ per cent, of salt. On piercing the sandstone from between it 
and the gres vosgien rose a powerful spring, containing 2i per 
cent, of salt, of a temperature of 15° Beaumur, or 66° Fahr., and 
yielding from 93 to 100 cubic feet of water per minute, and proba- 
bly quite as much carbonic acid gas. These fluids were driven up 
the shaft with enormous force by subterranean pressure. 

Not satisfied with this considerable success, the intelligent in- 
spector, Mr Knorr, continued the laborious and expensive work 
of boring, in the confident hope of reaching, if not the bed of 
salt, at least the spring of stronger brine. At 1590 feet the upper 
limit of the zechstein or magnesian limestone was reached, and at 
1680 feet a source of carbonic acid gas appeared, which increased 
the height to which the water could be driven up. At last, at 1740 
feet, the limits of the rock salt formation was attained, the boring 
irons bringing up saliferous clay, mixed with gypsum and anhydrite, 
which continued down to the depth of 1878 feet, and which is capa- 
ble of impregnating the salt water to saturation, coming up charged 
with between 27 and 28 per cent, of salt. , It is to be observed, 
however, that it is only that portion of the spring rising at 1240 
feet which can descend to the bottom and then rise up in this state 
of saturation. The greater part retains its old per-centage of 2^. 
It is therefore of urgent consequence to continue the bore until a 
spring has been reached at a lower level than the salt, and of suflioient 
power to rise through it to the surface, and in that way alone can 
this mineral treasure be made available for use ; and as the thickness 
of the rock salt formation is supposed to be 700 or 800 feet, it may 
be long yet before this object is obtained. At present, if I under- 
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stand right, the spring is not, properly speaking, intermittent, but it 
may easily be rendered so by a singular artifice which I saw put in 
practice. When the workmen wish to stop the flow of water, in 
order to proceed with the boring, they surround the rods with a plug 
of clay bandaged with cloth, so that by lowering it into the bore- 
hole, which contracts at a certain depth, they stop it as when one 
corks a phial. In an instant all is still, the turmoil of water foam- 
ing with gas is at an end ; and this tranquillity lasts for many days, 
and when the spring again rises, it may be stopped out in a similar 
way. Inspector Knorr thinks that he has established a kind of law 
in these remissions to this effect, that the number of days which 
elapse before the spontaneous return ' of the spring is thrice the 
number during which it had before flowed. Thus, if the spring has 
been allowed to rise uninterruptedly for five days, and is then 
stopped, it will remain fifteen days out. 

Under ordinary circumstances, the gas and water exhaust their 
projectile force in a cauldron or shaft of considerable depth and 
width, in which the Artesian bore terminates ; but Mr Knorr gave 
us an opportunity of witnessing its ascensional power, by fitting a 
tube into the entrance of the bore, thus leading it up to the surface 
of the ground; it then spouted from that level to a height of at least 
50 feet in the free air, having at its emission a diameter equal to 
that of a man's thigh. When we consider that it has first to rise 
1240 feet through the earth, and that it is impelled by a mysterious 
and unseen, but apparently exhaustless, power beneath, and with this 
astonishing force, the phenomenon is certainly very surprising. 

I shall only add the temperatures of some remarl^ble springs, 
taken in 1850 with great care, and which are the very same with 
those observed by me twelve years previous, the results of which may 
be found in my former paper. 



Schanbom Quelle (Saline) 93 cubio feet per minute. 




1860. June 25, 5 p.m. 
„ 26, 4 P.M. 


Therm. 

6r-2' A 3. 
66-8 Troughton. 


Corrected. 
66-3 


Ragozzi (Medicinal.) 






June 26, noon 
July 2, 5 P.M, 


5205 Trotlghton. 
62-25 do. 


51-55 
51-75 


Pandur (Medicinal.) 






June 26, noon. 
July 2, 5 P.M. 
MaohBrunnen (Medicinal.) 
1860. July 2, Noon. 


51-8 do. 
52-0 do. 

49*4 Troughton. 


51-3 
51-5 

48-9 
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BocM^t (Four miles from Kissingen, Chalybeate.) 

July 1, 4 FM. 50-7 Troughton. 60-2 

KapeUe (Chapel at Kissingen, fine fresh-water spring in front o^ 
accompanied by much gas.) 

June 28, 6 p.m. 51*6 A 3. 

The above agree usually within a few tenths of a degree with the 
observations made fully a month later in 1838^ 



FormuUjB for construetmg Mr Thomas Stevenson^s ToUdfy 
Seflecting Hemispherical M&rror. By WiLMAM SWAN, 
F.R.S.E., F.R.S.S.A. Cottimttnicated by the Royal Scot- 
tish Society of Arts.* 

Among the various ai^rangi^mebts of optical apparatus 
hitherto used in lighthotis6S, there is none that {^odsesses the 
property of collecting all the light which emanates from, 
a flame, and transmitting it in a single beam of parallel 
rays. The most perfect of these arrangements, Which wet^e 
invented by Fresnel, were not intended to produce this effefet ; 
and the ordinary parabolic reflector, which at first sight 
might seem fitted to transmit all the rays in one direction, 
in reality fulfils this condition most imperfectly, as it leaves a 
Uirge proportion of them to radiate in their natural directioas. 

The importance of the problem of transmitting all the 
light in a single direction will at once be seen, when it is 
considered that there are only two ways in which it is 
possible to increase the apparent brightness, and, therefoi^^ 
tiie efficiency of a sea-light. One is by increasing the in- 
tensity of the source of light, the other, by using to most 
advantage the light actually produced. Now Garcel's me- 
chanical lamp, as adapted by Fresnel to lighthouse use, is an 
instrument so perfect, and produces so brilliant a flame, that 
we shall not probably soon have a better lionrce of light than 
that which we already podsesd. The only Sivailable method 
for increasing the efficiency of our sea-lights, is, therefoi)^ to 
obtain the maximum effect of the mechanical lamp^ by trans- 
mitting all its rays in a single directicm^ 

• •'• •* « ...■-._ 

* Read before the Society, 25th Notdihher 1860. 
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As th«re is positively no limit to the extent to which the 
brightness of sea-lights might be usefully increased, it i« 
evident that, although we were in possession of a practically 
available source of illumination many times more intense 
than iJiat which we actually employ, it would still be an 
object of the greatest importance to use it in the most advan- 
tageous manner. 

My friend, Mr Thomas Stevenson, in his recently invented 
holophotal arrangements, has afforded the ineans of transmit- 
ting all the rays emanating from a flame in a single direction ; 
and a beam of light proceeding from one of them should, there- 
fore, be brighter than that transmitted by any other species of 
lighthouse apparatus not fulfilling the same condition, pro- 
vided the intensity of the source of light is the same in both 
cases. 

This paper has relation, not to the holophotal system of 
illumination generally, but simply to a new and somewhat 
singular species of reflector, invented by Mr Stevenson, and 
which forms part of his apparatus. 

The use of this reflector will be understood from fig. 1, which 
represents a vertical section of one of Mr Stevenson's holopho- 
tal arrangements. The holophotal apparatus in every variety 
of form consists essentially of two parts. One, D G H E, 
placed before the flame, which, in the apparatus shewn in the 
figure, is a series of totally reflecting prisms, with a central 
polyzonal lens, possesses the property of transtnitting all 
the rays, F ^, falling upon it in parallel directions, g h. 
The other, D B E, is a hemispherical mirror placed behind, 
with the flame in its centre ; and its use is to collect all the 
remaining rays, which otherwise would be lost, and to re- 
flect them back through the flame, so that they may fall on 
the apparatus in front in such directions as to admit of th<^ir 
being finally transmitted in the same parallel beam with the 
other rays. 

Now, if this reflector were composed of polished metal, 
a large portion oi the incident light would be lost by absorp- 
tion ; and Mr Stevenson conceived the ingenious idea of sub- 
stituting for a metallic mirror, a series of prisms of glass, by 
which the light, after suffering two reflexions, might be re- 
turned back to the radiant point. The object of this papet* 
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is to investigate formulae for the construction of these 
prisms. 

The totally reflecting 
mirror is represented 
in fig 1, where D B E 
is a semicircle, divid- 
ed into an odd munher 
of equal arcs, a B, 
B 6, are portions of 
parabolas having the 
common focus F» and 
the axis of each coin- 
ciding with the line 
DE;whileI,K,L,M, 
are figures equal and 
similar to A B C. If, 
_^ now, the figure D K B 
revolve round the axis 
B F, it will generate a solid of revolution, and this, when 
constructed of glass, forms the totally reflecting mirror. 

It is evident that the portion of the light reflected from the 
surface generated by the revolution of the semicircle DAE, 
since it is everywhere incident at an angle of 90°, will be 
returned to the point F ; and the rest of the light entering 
the glass at an angle of 90° will sufffer no deviation by re- 
fraction. Let F a represent one of the rays. Then, since 
A B D is a parabola whose focus is F, and whose axis is D E, 
the ray F a, will be reflected in the direction a 6, parallel 
to D E. Again, because B C is a parabola whose focus is 
F, and whose axis is D E, the ray a b, incident upon it in a 
direction parallel to its axis, will be reflected to the focus, 
which it will reach ; for it is incident at an angle of 90^ 
upon the surface of the glass, and therefore, will suffer no 
deviation by refraction. 

As the figures I, K, L, are all identical with ABC, their 
action will be precisely the same ; and if the angle of inci- 
dence of the rays upon the parabolic surface of the prism 
A B 0, be everywhere sufficiently great to ensure total re- 
flexion, all the light will be returned to the point F, except 
what is unavoidably lost by absorption, or irregularly scat- 
tered at the surfaces. , g,^^, by ^uogit: 
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As it is impossible in practice to grind and polish parabolic 
surfaces in glass, it becomes necessary to make the arcs A B, 
B C, portions of circles instead of parabolas ; and this may be 
done either by finding a circle having a common tangent with 
the parabola at the points A and B, or by finding the oscu- 
lating circle to the parabola at a given point in. the arc A B. 
In order, then, to construct the apparatus, it becomes neces- 
sary to find the radius and centre of curvature of one of the 
arcs A B, which may be taken to represent all the others ; 
and to avoid the loss of any of the light incident on the sur- 
face A B, it is necessary to find the greatest arc of the circle 
DAE, which a single zone may subtend, consistently with 
the total reflexion of all the rays. 

I. The Radius and Centre of Curvature. 
We shall first find the radius and centre of the arc A B,' 

fig. 2, on the supposition that 
the rays incident at its ex- 
tremities, A, B, are reflected 
E in the properdirection, which 
is at right angles to B F ; and 
next, on the supposition that 
A B is the osculating circle 
to the parabola at the point 
B. By the latter assumption 
it will be found that the for- 
mulae become extremely sim- 
ple,and will probably be sufii- 
^i> ciently accurate in practice. 

1. To find the Radius of Curvature on the supposition that the 
rays incident at the points A and B are accurately reflected. 

If A B be assumed, so that the rays at A and B will be 
reflected in a direction perpendicular to B F ^ the problem to 
be solved is to determine a circular arc, so that rays inci- 
dent upon its extremities in given directions may be reflected 
in given directions. This problem may easily be extended 
to the case of a refracting instead of a reflecting surface ; 
and as it may be useful ia constructing other sorts of light- 
house apparatus, it may be proper to give a general solution. 

Since the directions of the rays at the extremities of the arc 
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are supposed to be known both before and after reflexion, it is 
eyident that tangents to the arc may be drawn at these points. 

Let the co-ordinates of the two extremities of the arc be 
^y^ ^'y> then the equations to the tai^gents at these points 
will be 

y-y=:tan^ («?-*«'); ^— y:=tany («— ^) 
where 6 and y are known. 

Also the equation to the circular arc will be 

where r the radius of the circle, and a, 6, the co-ordinates of 
its centre, are to be found. 

The equation to the tangent to the circle at the point ^^ is 

and since this line is the same as y— y=tan ^ (x^2f) we 
have evidently 

r — i^=tan 6 

But since a;' y is a point in the circle («'— a)*+ (y— ^)'=r*, 
Therefore substituting for x'— a 

y — 6= ±r cos 
In like manner we obtain 

t^'^b=z zt: r cos 7 

Therefore r- ■ ^""^ — 
cos d— cos/ 

Similarly it may be shewn that z' ^ a == zp r sin $ ; 

aT— «= =p r sin 7; from which, along with the equation to 

the circle^ it will be found that 

r=— '. — - 

Bin 7— sm & 

From thi3 and the value of r already obtained^ we harre 

y-y=tanity(a^^^) 

an equation of condition between the co-ordinates ofy^ ^1/^^ 
from which, if three of them be assumed, the fourth may be 
found. 

Next, to qbtdn a and 6, we have 

«'— a= — r sin & y'—b =r cos ^ 
from which, by substituting the values of r, 

^^ixf sin 7— a:" sin ^ . j/" cos ^ — y cos 7 

aapp ■■ ■ , T 1 . ^ I, . , * o Si r , .,.,.i. . ■ ■ . rim . . ■ i f ' 

sm /—sm i cos ^ — cos 7 
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To apply these results to the case before us, making F the 
Origin, tod B F the axis tf t, ftg. 2 : 
The co-orcRnates of A are — «', y ; and of B — a^ 0. 
Therelbfe, in the pretnedfaig fowinlae, jmttltig ^^-^t, tod 

c6s^--cos y 2 Sin y4-P ti ny-^i 
£ 2 

ott^i^ + frin I 

, y cos 7 

6 = — — ^ — _£ — = -< r cos 7 
cos & — cos 7 

Also, putting <v|/ for the whole angk Which ^ breadth of one 
of the zones subtends at the point F, and d for the radius of 
the mirror measured from F to the point A, the togle 

A F B = "I, a:' = flf cos 5, and y =«f sin % Kext, because the 

ray A F is reflected in the direction A O perpendicular to 

BF, C AF= 90 -%\ and since the normal AD.to the re- 

fleeting surface bisects the angle C AF, therefore C ADs 

Now, since A C and A D are respectively perpendicultfl*ld 
the tangent at A, and to the line 3B F, it follows that the 
angle C A D is equal to the inclination of the tangent 

to the line B F ; therefore ^ = 45^- i- 

Again, because the ray A B is reflected at B in a direction 
at right angles to BF, the tangent at B is inclined at an 
angle of 45° to B F. Hence 7=45°. Therefore, substituting 
these values of ^, 7, af , and y , we obtain finally 



I rf sin ^ 



6= — r sin 46'' 



a) 



e2 
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2. To find the radius of curvature on the euppotition that A B 
ie the osculating circle to a parabola at the point B. 

It has already been shewn that the true form of the arc 
A B is a parabola whose focus is F, and whose axis is a line 
at right angles to F B. Then F B is an ordinate through 
the focus, and the equation to the parabola will be 

y'=4 m «, where F B=2 m ; 
so that HI is determined by assigning the diameter of the 
mirror from the flame to the outer edges of the zones. 

From the equation to the parabola 



dz^ 


y ' ^ dx^ y* 


Then, if r is 


the radius of currature. 


.r=: 






5 (* + «!)? 




- m^ 


and if a and b 


are the co-ordinates of the oentre of corva- 


tore, 


*" 1 tt 


y-^a: 


dx» 



2«* 

"From which a =s r 

m I 

dy 
also a:— 6 = — T^ (y — a) 

Henee.6 = 3 a: + 2 «i 

But at the point B, x-s^m therefore substituting, we obtain 
6=:5iii; a= •~2i»; r ^ Am J 2\ 
kdA if the origin be now transferred to F, so as to hare ike 
4same axes as formerly, 

b = -4 m; a^2mir:si^mj2 . . (2) 
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n. Determination of the greatest breadth of the Zones con- 
sistent with the Total Beflexion of all the Incident Light. 
We have still to ascertain the greatest valae of ^ con- 
sistent with the total reflexion of all the incident light ; and 
in determining this, it is necessary to take into consideration 
the diameter of the flame, an element which has not entered 
into the previous calculations. 




Let A B G H, fig. 3, be a section of one of the zones, D L 
a section of the flame, and D C A the course of a ray pro- 
ceeding from the edge of the flame to the point A. Produce - 
A C to E, join F. Draw DF at right angles to C D, and 
A K a normal to the circle A B. 

Then putting C F=^d as before,. F D=/,.and a^f^ the index 
of refraction of the glass for the extreme red rays of the 
spectrum. 

Sin FCD= Chut sin FCE=- sin FCD;=-^:3;and 

CAF=FCE-AFC=FCEnearly, neglecting A F C on . 

account of its smallness.* Therefore C AF=£ sin •— -. 

fib a 

But since the ray F A is reflected in the direction A I per- ^ 

pendiculat* to F B, if A E be a normal at A, 

KAH=iIAF=45"-'^ 

andCAK=KAH-CAHv 

= 46°^^-sin"'-4 
4 fitd 

* This aflflnmption is perfectly safe ; for its effect is evidently to make the 
angle of incidence G A E lest liian it reaUy is, and consequently the resulting 
▼alae of ^ wiU he rather too small. • . 
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But If the ray C A H totally reflected 

w K A :k~, or am ( 45^-^ - sin"' ^X- ] ^^1, 

Therefore the equation of condition to insure the total 
reflexion of all the rays is 

45° - ^ i::?^ sm — + sm -=s, 
4 fk fkd 

from which it is easy to find 4, having previously assumed d 

the radius of the mirror, /the radius of the flame, and fi, the 

refractiye index of the glass. It is obviously necessary to 

assume the value of ^ for the least refraugible rays of the 

spectrum, in order to insure the total reflexion of all the 

incident light. 

The following examples will illustrate the manner of using 
the formulsB which have now been investigatted : — 

1. Suppose we assume the radius of the mirror to be 20 
inches, that the flame is 1*4 inches in diameteri and that the 
ip^x of refrOiQtioii of the ^lass is 1'57» we have first to deter- 
mii;^e -^ frqiB the formula, 

46*»-.^>sin"'^l + siii""'X. 

In this, putting /= 7, rf = 20, and aa=1-57, we obtain 

^^W 3» nearly. Now, sinee ~^W 21' 49^, it fellows 

there must be at least five zones and a central conoid. 

Having thus obtainejd >J/, we have next to find r, a, and 6, 
from the fbrmuls at (X). 

<f sin-^ 



2 sin (46-1) sin I 



a=—(f COS ^ + r sin (**-"2^) 

6=:^r8ii\45 
From these it will be found that 

r = 58-612 a = 18-523 6 = - 41-375. 
To compare this result with that given by the formuls 
(^), it must be borne in mind that ^ m in the second set of 
formula^ 13 the same ^ «" in tb^. first. Now» we hm^ al- 
ready found, p. 146, that^ ^ , 
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y'-y'=tan'±2:(a:'_x") 

firom which, since y=0, and «', if', are both negatire, 
jf^tf+j^cott+L 

and since ar^c:^? oos ^g^d sin 4 and 



we obtain 



2 8 



2 w=:d [ cos ^ + sin!^ cot H^- gj } 

from which by substituting the value of -^ 

2 w=22-85362,* 
and then from the formulae 

r=4 m tJ2^ a=2 m and 6= —4 w, 
wefindr=64-640; a=22-854; 6= -45707 

It will now be observed that the values of r found by the two 
formulse differ by nearly 4*77 inches; but this will not produce 
a very great aberration of the rays, seeing the arcs of the 
circles are so small that they will not deviate greatly from 
each other. To ascertain the amount of the error intro- 
duced by using the approximate value for r, we must bear in 
mind that the circles calculated by the two formulae hfibve 
a common tangent at B. For in the osculating circle to 'the 
parabola at B, "^ 

^=2^=2^=tan45% 
da y 2 m 

and the tangent to the other cirele at the same point by the 

Qonrtmctioii, makes an angle of 45'' with the axis; and 

therefore, since one lies wholly within the other, they will 

sepwftte firom eadb other most widely at A< We shall, in 

order to estimate the error introduced by usivg the for^ 

n^filae (2), calculate the difference of their ordinates at A, and 

also the difference of their inclinations to the axis at thait 

* It may be proper to pemhid the reader that this preliminary calculation 
10 cttly required here in order to compare the formiil8& by caleolttthig the t^aliie' 
of r for a mirror of exactly the same dimensions in both cases. In app^ing^ 
the second set of formulae, originally, we might at once assume a value for «», 
and then the calculation would be much shorter than by the other method. 



Digitized by 



^oogle 



152 Mr Swan's Formukefor eansiructinff 

point. For this purpose we have the equation to the circle 
found by formula (2) 

(a:-2i»)2+(y + 4m)»=r», 

in which substituting for x its value, d cos% we obtain 

S^ = 2-86515. 
But the correct value of ^ at that point is 

rf sink's: 2-84634. 

Therefore the distance of the two arcs, reckoned along y is 
'019 ; but since the ordinates are evidently inclined to the 
normals to the circles at the point A at an angle 

45-i=40°54', 
4 

The true distance of the circles will be -019 sin 40° 64'= -012 
— a difference perhaps within the limit of the errors of work- 
manship in such apparatus. 

Again, to calculate the aberration of the rays reflected at 
A, we have from the equation to the circle 

dy _ ^ X — 2;» 

dx y -^ \m 

which should evidently be equal to tan ^ ; and substituting 
the values of x and y, we find ^ = 41'' 17' 7". Now, the 
true value of ^ at the point A in the circle depends upon that 

of ^, and we have seen that 

tf=45 — "t, also 3^= tan "" ^. 
4 2 X 

Therefore, substituting the values of a: and y, we find ^ = 40° 
62' 56", which shews an error in the inclination of the reflect- 
ing surface at A amounting to 0° 24'. But since the error in 
the direction of the reflected rays is double of this, and the 
same error affects the opposite reflecting side of the prism, 
the final error in the direction of the rays will be 1° 36',' and 
this will give a lateral aberration of -66 inches when the rays- 
are finally returned to the flame. 

In this example we have taken a value of fk perhaps rather 
higher than that of the ordinary flint-glasses for the least: 
refracted rays. We shall, therefore, in the next example 
assume il = 1*56. 

Suppose the mirror intended for a light of the firsts 
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order, illuminated by FresneVB great lamp, with a wick 3*6 
inches in diameter, then, if the internal radias of the mirror 
be assumed at 24 inches, and if /a = 1*55 for the extreme red 
rays, we shall find, as formerly, the limiting value of •vp to be 
8° ir 40"=8^-2 nearly ; from which it follows, since^=22, 

that there must be 11 zones and a central conoid. Hence 
•^ — T 49' 34". From this value of -v)/, putting d = 24, and 
/= 1-8, it will be found from the formulae (1) 

r = 70-624; a = 24-260 ; 6 = - 49-940. 
If r, a, and 6, be calculated by means of the osculating circle 
to the parabola in the manner already explained, it will be 
found that 

r = 72-517 ; a = 25-639 ; 6 = - 51-278. 
From this it appears that the values of r, calculated by the 
two formulae, differ by nearly 1*89 inch, or by about /yth of 
the whole length of the radius. The difference of the ordi- 
nates of the circles at the point A will be found in the same 
manner as before, to be -0027 inch, from which the per- 
pendicular distance of the arcs is found to be '0018 inch, 
a quantity quite within the limits of error in constructing 
such apparatus. 

Finally, the error in inclination of the osculating circle to 
the parabola at the point A is 5' 46", from which the lateral 
aberration of the rays from the point F will be about -16 
inches, a quantity which may be safely neglected with a flame 
3-6 inches in diameter. It seems, therefore, from these ex- 
amples that the approximate formulae will give sufficiently 
accurate results in the cases most likely to occur in practice. 

It may have already occurred to the reader as a remark- 
able peculiarity of the totally reflecting mirror, that since 
the rays at their first incidence and final emergence are per- 
pendicular to the surface of the glass, they suffer no devia- 
tion by refraction ; and consequently the curvature of the dif- 
ferent surfaces is totally independent of the refractive power 
of the glass. It is otherwise, however, with the determina- 
tion of the greatest admissible breadth of the zones. Here 
the index of refraction of the glass enters as an element 
into the calculation ; and the higher the refraction the 
greater may be the breadth of a zone capable, of reflecting 
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all the incident light. Owing to its high refractive p<^(»r« 
6iQt g^ass is therefore more suitable than plate glass for the 
construction of the totally reflecting mirror, as from their 
greater breadth a smaller number of aones of the former 
material will be required to complete a hemiaphercy and the 
expense of construction will accordingly be lessened. 



Suggestions to Astronomers for the Observation of the Total 
Eclipse of the Sun, on July 28, 1851.* 

L The principal observations for which a toial eclipse of 
the sun presents peculiarly favourable opportunitiea may be 
classed under the following heads : — 

Observations applying 6^)ecially to the physical stnwtnre 
of the sun and moon, as those of the corona, and of the rose* 
coloured prominences (seen so markedly in. the eelipse of 
1842.) 

Photometric, thermometrie, and actino-ehemical observa- 
tions, illustrating the difference in the nature and amount of 
radiation from different parts of the sun's disc. 

Optical observations, particularly on the state of polariza- 
tion of the light in different phases of the eelipse, and on the 
phenomena of irradiation, and of distorticm: of a darit: limb 
by the formation of beads or threads. 

The phenomena of the first class have never been seen ex- 
cept in a total eclipse of the sun ; and they appear so de- 
serving of attention (especially the red prominences^ which, 
if belonging ta the sun, indicate physical peculiarities of 



* General Committee of the British Afisociation for the Advancement of 
Science. Edinburgh, August 7, 1850. Resolved, — That a Commfttee, con- 
sUtiag of Sir Joba Ilerschel> the Astaronomer^Uoyal, PirofeBSOT Forbes^ and 
Professor Powell^ with pawer to add to their number, be empowered to eomnu* 
nicate with the astronomers, of Pulkowa on the observations to be made at thA 
next approaching Total Eclipse of the Sun, July 28, 1851^ and to draw up 
suggestions for the guidance of observers generally. 

[Tk« above suggevtions' were drawn up by the Coratnittee, with the assistance 
a£ M. Otto Struve of Puikofwa. A copy of the "* Suggtttion^'' was kindly- 
transmitted to. us, with permission to publish thera^ by the Astrononicff Royal.. 
The map of the total eclipse could not be got ready in tine.] 
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structure on a most stupendous scale, and pci4iaps of corre«- 
sponding- importance), that it seems highly desirable that the 
arrsAgenents for observation should be planned with espe- 
^I reference to them. For the observation of the phenc^ 
mena of the olher classes, the opportunities (though abso- 
lutely rare) are much more frequent ; they will, however, be 
most effectually secured by the same arrangements which 
secure those of the first class. 

2c It is €L priori probable, that the phenomena (especially 
those depending on prominences from the body of the sun) 
will not be the same when viewed from stations on different 
aides of the central line of the shadow's path ; and such dif- 
feronoea appear, in fact, to have been observed in the eclipse 
of 18A2. This consideration at once suggests the propriety 
of i^ftcing some observers at no great distance from the 
aouthem boundary of the total obscuration, and others at no 
great distance from the northern boundary. Near the centre 
of the shadow's paih^ the picturesque effect of, the eclipse is 
ih^ greatesit^ the phenomena are most symmetricaljt and the 
longer duration permits observers to watch the phenomena 
with greater coolness ; and here also it seems desirable that 
competent persons should be planted. 

It appears not improbable that some of the phenomena 
may change with a change of absolute time i and for this 
reason, as well as for eliminating the chances of weather, 
and for obtaining variations of appearance due to differences 
of climate and of hours of the day> it is desirable that obser^ 
vations be made at different points along the line of the sha- 
dow's path. 

3. In ei:amining upon a map the course of the shadow in 
this eclipse, it will he seen that Stavanger, Christiansand, 
Ckqpi«nhagen» Lund, Ystad,. Coslin, Thorn, Lowic«» Zamosc, 
Tarm^l* Kaminiez, Odessa, Eupatoria, Gumri, Erivan, are 
south of the southern boundary, but probably not so far as 
to {urevent their being used as convenient head-quarters from 
whioh soft excursion for observation may be made : that Ber- 
gen, Grimstadt, Arendal, Helsingborg, Cimbrishamn, Born- 
holm^ Kulm, Flock, Warsaw, Lublin, Vladimir, Brody, Nik- 
nUdew, Kberson» Perekop, Feodosia, B^dut-Kale, Acbalasich, 
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Schuscha, are within the southern boundary : that Frieder^ 
ichsvam, Goteborg, Carlskrona, Kabnar, Danzig, Ostro- 
lenka, Lomja, Bialystock, Brest-Litowsk, Jitomir, Mach- 
nowka, Lipowez, Uman, Babrinez, Jenikale,TifliB, Schemacha, 
are nearly on the central line : that Christiania, Friederich- 
stadt, Konigsberg, Gumbinnen, Augustowo, Grodno, Slonin, 
Finsk, Eadomist, Kiev, Jelisawetgrad, Berdiansk, Stavropol, 
Gheorgiewsk, Wladikawkas, are within the northern boun- 
dary : and that Carlstad, Memel, Tilsit, Ej*ementschug, Eka- 
terinoslav, Mariupol, Mosdok, Derbent, are at a small dis- 
tance beyond the northern boundary. 

4. Now it appears extremely desirable that, if possible, 
observers should arrange themselves in confederations, each 
confederation consisting of three directing-astronomers, who 
should by concert station themselves at three places respec- 
tively near the northern boundary, near the centre, and near 
the southern boundary ; these places being not very widely se- 
parated in the longitudinal direction of the shadow's movement. 
Thus Arendal, Friederichsvam, Ghristiania ; Kulm, Danzig, 
Konigsberg; Warsaw, Ostrolenka or Lomja, Augustowo; 
Brody, Brest-Litowsk, Grodno ; Nikolaiew, Babrinez, Jelisa- 
wetgrad, &c., would be favourable combinations. Two or 
three such confederations should be formed at different parts 
of the shadow's path. 

5. It is desirable that, at each station, there should be 
three or four observers. One should be furnished with a 
telescope magnifying about twenty times, with a pretty large 
aperture ; and this will probably be found the most important. 
A second should have a telescope magnifying 100 times. 
Each of these telescopes should have in its fields but not 
crossing the centre, two wires of an interval of 1'^ or some 
other convenient distance, for giving an^ approximate measure 
of any small object which may be observed. It is desirable 
that by the position of these wires, or in some other way, the 
observer should be able rapidly to refer the positions of 
objects seen in the telescope to vertical and horizontal di- 
rections. A third person should have a watch or ehrono- 
meter (if the error of the chronometer is known, thfe astro- 
nomical value of the observations will be increased, but their 
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physicjd value will be equally great without it) and writing 
materials, and should be prepared at any signal first to note 
Uie time, and secondly, to write down the phenomenon. A 
fourth should observe the general appearances, as seen with 
the naked eye. If the party were more numerous, a good 
sextant, or other double-image instrument, might be found 
useful in the hands of one person. 

6. It is important that the dark glasses used for observing 
the sun up to the moment of total obscuration be so mounted 
that they can be slipped off in an instant. And it is desirable 
that each telescope should be furnished with several dark 
glasses, some shewing the sun with a red disc, some with a 
white or greenish disc. These may be mounted, in a form 
which admits of rapid change, in a sliding or a turning frame ; 
or their cells may be fitted loosely with bayonet-notch. If 
the observer is satisfied with the use of one colour or com- 
bination for the dark glasses, no arrangement is more con- 
venient than that of wedges of the coloured glass, achroma- 
tised (as to dispersion) by wedges of colourless glass ; the 
intensity is then changed gradually by merely sliding the 
combination of glasses. It may also be desirable to possess 
the power of altering the aperture of the telescope rapidly : 
this perhaps may be done by attaching by hinges to the 
ohject-glass cell one or more flat rings, which can be turned 
off or on the object-glass by pulling a string at the eye end. 

7. It is desirable also that the observers should be pro- 
vided with some instrument for the measure of radiant heat, 
as a thermomultiplier (of a coarse kind) with galvanometer, 
an actinometer, or a simple thermometer with rough black 
bulb (whose indications will be more accurate if the bulb be 
inclosed in a glass sphere firom which the air is exhausted). 
In the selection of the instrument, it must be borne in mind 
that in Western Europe the sun will be high, and that the 
season of the year is (generally speaking) favourable to ener- 
getic radiation ; and also that it is desirable that the obser- 
vation with the selected instrument occupy as short time as 
possible. For meteorological observations, a dry thermometer 
and a thermometer with wet bulb (or other hygrometer) will 
probably suffice. 
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8« It would be moftt desirable also to be farfu^hbd m& 
aom« apipamtus for measui^e of the mtetnsity of lights but W9 
are luubble at present to particularifle atiy which can be cod* 
ndered unobjectiodutbte^ The appeananfce of h lighted emtdld 
tvill give some very rude informatioD. Th^ flame of a eaadl^ 
may also be used for giTiag a good idea of the intensity ^ 
light, by viewing the object^ whose bri^tnesa is to be aso«v 
tained) through the flame (thus, in ordinary aunHgfal, the 
light of the sky ii^ar the suxi is sett througli the flame with-^ 
out apparent dimiiiution ; but tke light of a full moon eaxmoi 
be seen tiirough it at all)^ For tbe observation of AhaAawMi 
a graduated scale, several feert long, with a diao of wliita 
paper to be slid upon it, with its plane perpesidioular to th« 
soaio, may be useful. 

9. Some instrument riiould also be provided for aseertaiSH 
ing the state of polarizatioa of the light. In the limited 
decoration of a total eclipse, time in wanting for the use of lth> 
Btr«tments giving an accurate measure of th« degree of 
polarisation ; for the rou^ estimation of tii^ position of tiie 
plane of polarieation^ and of its general magnitude, perhaps 
a Nieol's prism, furnished with plates of quarts cut in 
Savart's manner, or a Savart's polariscope, may b« fotmd 
convenient «Ad sufficiently accurate. For the obfi^rnsition of 
ihe sun's disc before the total darkness, % dark glass of Mfine 
kind should be used with NicoPs prism. A oommon glaai 
prism should be provided for examination of ihe nhromatic 
composition of tbe light. 

10. At any fixed observatory within tbe ps4h of tbe «lia4ow:, 
which is fornished with a telescope moii&ted equatdrinify, 
ft^nd moved by very good clock-work (adapted in its rate to 
the diurnal movement of tbe sun), it is ettrettiely desirable 
diat arrangements should be made for Daguerreotr^iiteg or 
Talbotyping the image of the sun, or of the light stirrotm^ 
ing the moon when the «run is hidden. It is ttec^sttry to 
observe tliat materials of very difierent degrees oF sensibflity 
will be required in different stages of the eclipse ; the^ UglA 
of tho tineclipsed Srun being intensely bright, and that of flbo 
corona surrounding the moon, or even that of the red flames 
projecting into the corona, being exceedingly ^bte. 

Digitized by ^^JOOQlC 



of the ToUil EcUp9e. 159 

If ihe plate or paper be so sensitive to photogenie action 
tbat an image can be formed in a iraction of a second of 
time, no equatorial movement will be required* If an 
image can be formed in one or two seconds, a rude equato- 
rial motion, such as may be given to a temporary standi will 
probably suffice. If this motion is given by hand, it must be 
done by turning a winch in acoordance with the beats of a 
chronometer or the vibrations of a pendulum* 

11. The observers at each station should be prepared witii 
accurate computations of the local times of beginning and 
ending of the general eclipse, and of beginning and ending 
of total darkness, with particular attention to the accuracy 
of computation of the duration of total darkness. It will be 
remarked that the computation of duration admits of great 
exactness for places near the central line of shadow, but that 
it is liable to considerable errors for places near the north 
or south boundary. They should also have accurate compe* 
talions of the position, with respect to the vertical, of tine 
points of the sun's limb at which the general eclipse begins 
and ends, and of the points of the moon's limb at which the 
sun disappears and reappears: the latter will be liable to 
sensible error. 

Every observer should be furnished with one or more cards, 
upon each of which a circle is described : upon one of tliese 
the points of beginning and ending of the general eclipse and 
of the totality are to be marked ; the others SM to be used 
for hasty records of the places of any remarkable phenomena 
during the eclipse. 

12. The observations to be made, and the mode of pre^ 
ceeding, should be arranged some days bef<»re the eclipse, 
and should be fully described in written instructions, with 
which each observer should be so perfectly aequainted as to 
have littie need to refer to them at the time. Two caution^ 
however, must be borne in mind« The phenomena about the 
time of total obscuration are so striking that the most per- 
fect discipline will then probably fail, and it will be inmost 
useless to prescribe any observations which will prevent the 
cd>aervers from looking about them for a few moments to see 
the wonderful spectacle. And the whole time is so shorty 
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that it will be very desirable that each observer's attention 
be confined to very few phenomena. No party, probably, 
will be able to make all the observations mentioned below ; 
it wUl be desirable, therefore, carefully to select those which 
can be made with the greatest probability of success, and to 
give the utmost attention to those only. 

13* A quarter of an hour before the first contact of the sun 
and moon, the observations of radiation with the actinometer, 
Ac, should be begun. (These should be continued through 
all stages of the eclipse.) The commencement of an eclipse 
is a very indistinct phenomenon, and perhaps for the principal 
part of the time before the total obscuration little can be 
done except to make, from time to time, observations of ra- 
diation and meteorological observations. But when the limb 
of the moon crosses that of the sun at right angles, and after- 
wards, the observers will be well able to estimate (as far as 
can be done by the eye) the difference in the intensity of light 
on different parts of the sun's disc. From this time also it 
will be proper to examine whether the entire circumference 
of the moon, or any portion of it external to its intersection 
with the sun's limb, can be seen. It may be necessary for 
this purpose to use a telescope with a small number of lenses, 
all the surfaces of which are well polished and perfectly 
clean. 

14. When the lune becomes narrow, occupying about a 
quadrant of the sun's circumference, the state of polarization 
of the sun's light in different parts of that quadrant may be 
examined. In these and subsequent observations of the same 
kind, it must be borne in mind that the diffused light reflected 
from air will probably give traces of polarization, and it may 
be well in all cases to remark whether the brightest parts of 
the light under inspection are as evidently polarized as the 
faintest. Attempts should now be commenced for discerning 
whether a comparison can be instituted between the darkness 
of the shadows of a small object (as a pencil, or a small rod) 
formed by the sun and by the lighted candle ; and whether 
the distance of the paper disc, when their shadows are equally 
black, can be ascertained. (If this is found practicable, this 
observation should be continued to and through the total ob- 
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scoration). The light should be analysed, in regard to its 
chromatic composition, by the use of a prism, and special 
record made as to whether any of the colours are unusually 
Tivld or deficient. The general state of the sky and atmo- 
sphere should be carefully observed and fully recorded. 

15. As the totality appro.aches, the sextant observer may 
measure the interval between the cusps ; and the telescope 
observers should examin/e carefully the state of the moon's 
limb as to roughness, particularly in the central part (which 
will be the last to touch the sun's limb), and should carefully 
remark whether the moon^s limb can be seen beyond the sun's 
limb. These observations should be made with ra^^id changes 
of the dark glasses. At the very time of completion of the 
obscuration, Baily's beads should be looked for, and if possible 
with change of the dark glasses, and wijbh change of the aper- 
ture of the object-glass, and perhaps by putting the telescope, 
for a moment, out of focus. (See Appendix No. I.) It will 
probably be best, for the relief of the eye, that the observers 
should now and then quit the telescope for an instant. The 
time of total obscuration is to be communicated to the chro- 
nometer-bearer by a single syllable. It is to be remarked 
that, even though the error of the chronometer be not known, 
the accurate observation of the duration of the totality will 
give valuable information as to the diameters of the sun and 
moon, and as to the moon's latitude. 

16. The naked-eye observer, in the mean time, isto look at 
the sun with a dark glass, occasionally changing the glaas, 
occasionally trying the polarization, occasionally relieving bis 
eye. He may also specially- remai*k whether the colour of 
objects appears to change, and whether the light in different 
parts of the sky is differently coloured. But when the totality 
is near, he is simply to observe, with the weakest of the dark 
glasses or (if possible) with the eye uncovered, and to note 
the way in which the light is distributed, as to intensity, in 
different directions round the sun ; whether there are beams 
of light, and in what direction ; whether there are the rudi- 
ments of a ring round the moon ; whether there is any light 
on the side opposite the bright lune. It is recommended that 
he do not quit this observation for any other ; but if a trust- 
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WGFihy person of good general observation were near, it 
would be desirable that he should remark whether there 
appears to be any fluctuation or trembling of the light which 
falls upon the ground and upon walls, and whether the shadow 
appears, as to sense, to sweep over the earth. 

17. The important use of the photographic apparatus will 
.commence shortly before the total obscuration. It will be 
desirable to take photographic images of the cusps, but it will 
be particularly desirable that they should be varied by causing 
the pencil of light to pass through a prism, so as to produce 
prismatic dispersion in the direction transverse to the cusp, 
and thus to exhibit on the plate or paper an actino-chemical 
analysis of the light which has passed at the highest degree 
of obliquity through the sun*s atmosphere. When the sua 
is totally hidden, simple images should be taken, at several 
repetitions, if possible, during the obscuration. 

18. On the instant of total obscuration the corona will be 
formed. It is important that the observer with the low- 
power telescope and the observer with the naked eye should 
be prepared to remark whether any part of the corona is 
visible before the sun is completely obscured, and in what 
order the complete ring is formed, whether all at once or by 
progress from one or more points. Also, whether the ring 
is equally broad in different parts, and what is the proportion 
of its breadth to the moon's breadth ; whether it is double, 
or divided as a succession of annuli ; whether it is divided 
by radial lines ; whether its texture appears fibrous, and what 
is the position of the fibres ; whether it is sensibly coloured ; 
and, if possible, whether its light is polarized. The light 
should be examined by the dispersive prism, and the excess 
or deficiency of any particular colour recorded. 

19. As soon as possible, and also as late as is prudent 
during the obscuration, an attempt should be made to judge 
whether the corona is concentric with the moon, or with the 
Bun. 

20. The moment that the sun's bright edge is eclipsed, 
the observer with the most powerful telescope shOuld watch 
for the appearance of red prominences in the direction of 
the moon's advance. From this time to the end of the 
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totality each of the observers should repeatedly examine the 
whole circumference of the moon, to discover whether there 
are any of these prominences visible. The observer with 
the most powerful telescope should devote himself entirely 
to this subject. If any are seen, it is of the utmost import- 
ance to note whether they undergo any change ; whether 
new ones appear, and in what part of the circumference ; 
whether they increase on one side and diminish on the other, 
&c. For details on this very important observation, see 
Appendix No. II. The times of any striking phenomena 
should be recorded, no description beyond reference by a 
single word being attempted at the time ; and their places 
should be noted on the card- circle. 

21. The telescope-observers should endeavour to judge 
w^hether the disc of the moon is sensibly illuminated. Little 
confidence can be placed in the appearance of light, unless 
some of the larger spots can be seen. The sextant-observer 
should measure the moon's diameter. If there is leisure, 
one actinometer-observation should be made. 

22. An attempt should be made (as has already been 
mentioned under article 14) to ascertain whether the light 
of the corona is sufficient to cast a distinguishable shadow, 
and whether a distance can be found for the candle at which 
the intensities of the shadows are sensibly equal. But it is 
certain that the light of the corona is extremly feeble, and the 
observer must therefore be prepared to remove the candle to 
a considerable distance. Some estimate may be formed of 
the intensity of light by remarking the distance at which the 
letters and figures of a book can with difficulty be distin- 
guished. All observers, as far as possible, should use the 
same page ; for instance, the title-page of the Nautical 
Almanac for 1861, or the title-page of these " suggestions," 
in which the same type is used. To give this observation 
its greatest value, each observer should as soon as possible 
examine at what distance he can distinguish the same letters 
in full sunshine, and at what stage of twilight and in what 
position he finds the difficulty nearly the same as during the 
eclipse. 

23. Should any stars or planets be seen, their places 

l2 
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should be noted (mentally) sufficiently to enable the obser- 
ver to identify them afterwards upon a celestial globe. In 
particular, the observer should note the place of the smallest 
star which he can see. The apparent colours of the stars 
should be noted ; and the observers should also record what 
jthey judge to be the colours of the same stars when seen in 
a dark night. 

24. Among the coarser kinds of observation to be made 
with the naked eye during the totality may be mentii)ned the 
following. Whether bushes of light radiate from the corona, 
in what number, and in what directions. Whether there are 
beams in the direction of the ecliptic, like pyramids with 
their bases united at the sun, in the manner of the zodiacal 
Jight. Whether there is a red band of light near the hori- 
zon, or in any part of it. Whether the outlines of hills can 
be seen. Whether the smoke of chimneys can be seen. 
Whether .any plants (as the sensitive plant, the convolvulus, 
or the silk-tree acacia) close their leaves or petals. Whether 
animals appear frightened. 

25. As the duration of the totality will be, in most places, 
approximately known, the chronometer-bearer should be pre- 
pared to give about ten seconds^ notice to the observers of the 
reappearance of light. At places near the north or south 
J)Oundary this may be scarcely sufficient Each observer 
should then remark, — ^first, whether there is anything pecu- 
liar in the circumference of the moon ; secondly, whether the 
reappearance of the sun is heralded by anything like a twi- 
light on the moon's limb ; thirdly, whether the corona dis- 
appears in separate parts ; fourthly, whether beads or strings 
.are seen ; fifthly, whether the moon's circumference is visible 
beyond the sun's visible limb ; sixthly, whether the brilliancy 
of the sun'a limb is equal to or less than that of. the portions 
of the disc immediately within it. The first appearance of 
white light should be noted by signal, as before. 

26. It would now be interesting for the naked-eye observer 

< to remark, if possible, whether the light of the sun appears 

v,to sweep over the country ; whether there is any fluctuation 

^ of light on the ground, or on walls^ &o» ; and also whether dew 

^ .or fog is formed. 
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27. Any observations for intensity, polarization, &c., which 
were omitterd before the total obscuration, can now be made 
in a leisurely manner : and some measures of the interval 
between the cusps may be made with the sextant. 

28. During the remainder of the eclipse there will be little 
of interest to be done, except to repeat the observations of 
radiation, and to make any observations applying to the me- 
teorological state of the atmosphere. The instant of termi- 
nation of the eclipse (a phenomenon which admits of accurate 
observation) should be noted. The actinometer-observations " 
should be continued to a quarter of an hour after the last . 
contact. 

Appendix No. I. 

The following suggestions applying specially to ihe obser- * 
vation of the beads or strings sometimes seen, are principally 
extracted from the " Suggestions for the observation of the 
Annular Eclipse, October 9, 1817," in the Report of the Seven-^ 
teenth Meeting of the British Association^ Transactions of the 
Sections, p. 16. 

Whether the points of the cups are rounded ! 

Whether in the neighbourhood of the cusp the limb either 
of the sun or moon appears distorted? Whether the beads- 
appear steady or waving, disappearing and reappearing ? • 
Whether they present any peculiar changes when viewed 
through differently-coloured glasses, the observer alternating ' 
the colours; which should be as dissimilar as possible, such . 
as red and green ! 

Whether they are seen when the telescope is out of focus % • 

Whether they are seen when the eclipse is projected on a 
sereen \ 

The drawing out of the beads into threads when very near 
junctio^ ; and whether they waver and change, and the num- ' 
ber of them % 

Whether before and after the formation of the threads 
the moon's dark disc is elongated towards the point of 
contact! 

The bead^ are ascribed by some to lunar* mountains. Whai^ 
mountains exist at that part of the limb ? 

The exact interval of time between the first formation* of - 
beads and the first complete contact, and that between the 
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^ast complete contact and the last disappearance of beads 
(or other irregularities in or about the cusps)^ should be de- 
termined. 

The remarkable fact of a recurrence of cusps, and the pos- 
sible explanation of it, should be attentively considered. 

In reference to the phenomena of the corona, and their 
possible explanation, the observer is referred to Professor 
Powell's papers in the Memoirs of the Astronomical Society y 
vol. xvi., p. 301, " On Luminous Rings round Shadows," vol. 
xviii., p. 69, " On Irradiation." 

Appendix No, II. 
It is recommended to observers who may devote them- 
selves especially to the phenomena of the rose-coloured pro- 
minences : — 

1. Immediately before the total obscuration, to watch for 
the appearance of the prominences on all parts of the sun's 
limb, but particularly at the part just about to be eclipsed by 
the moon's limb; and, the moment that the sun's bright 
edge is eclipsed, to watch in the direction of the moon's ad- 
vance for any such prominence ; to note mentally its form, 
and particularly the proportion of its height to its breadth 
at the base, which may be afterwards recorded in a sketch ; 
and to make quite sure whether or not the moon gradually 
eclipses it. 

2. In like manner, and with the same view, to direct the 
second scrutiny (immediately after the previous one) to the 
diametrically opposite portion of the moon's limb, watching 
for the summits of any prominences, and whether they en- 
large as the total eclipse proceeds. 

3. In the third place, the observer having satisfied himself 
on the two previous points, will carefully examine the moon's 
limb all round, and may now record, on the previously pre- 
pared circular diagram, the positions of any such prominences 
round the moon's limb. Let this be done in the first) instance 
without regard to their form or size, but only with regard to 
their distribution round the circle ; and let this be carefully 
verified once at least. Let him note whether any kind of 
arch of light connects two or more of the prominences. 

4. Let the dimensions and forms of the prominences be 
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^Studied. For the former purpose reference should be made 
to the two parallel threads in the eye piece of the telescope. 
For the latter, observe — ^Whether the prominences have hard 
and permanent, or waving and ill-defined outlines. Whether 
they are invariably broadest at the base, and have on the 
whole a tapering shape. Whether they seem to stand erect, 
or whether any or all of them are aslant, like teeth on the 
edge of a circular saw. Whether any of them taper inwards 
next the dark limb of the moon : whether they appear isolated ; 
and, if so, how the space between the red patch and the 
moon's limb is occupied. Whether the prominences vary in 
outline during the scrutiny. Whether any appear to grow up 
or to diminish ; and, if so, whether such change is what the 
moon's motion would naturally account for. 

5. Let the illumination of the prominence be studied. First, 
as to general colour; by inspecting them with the undefended 
eye, both with and without a telescope (without any dark 
glass). Next, as to distribution of colour, select a well-de- 
fined prominence and examine it all over repeatedly with a 
considerable magnifying power, and observe if it appears 
absolutely uniform in colour and brightness, or whether it 
shews any marks of structure or shadow or variation of tint. 
It seems very difficult to suggest any comparative experi- 
ment for recording the brightness of the illumination of the 
prominences. 

6. As the total phase goes off, let the eye be fixed on one 
or more of the prominences, and see whether they instantly 
and totally vanish, or for how many seconds they can be kept 
in view. 

It may be well to refer to M. Arago's narrative of what 
was seen in 1842 and on former occasions, in the Annuaire du • 
Bureau'des Longitudes for 1846, and to a paper by M. Faye 
in the Comptes Bendus de P Academies 1850, Nov. 4. 

Appendix No, III, 

Allusion having been made to instruments for determining 
the plane of polarization, it may be proper to give the fol- 
lowing information : — 

Nicol'g prism is described in the Edinburgh Philosophical 
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Journal, vol. xx., p. 88, and in the Philosophical Magazine^ 
Tol. iv., p. 289 ; and instruments on this eonstruction are sold 
by M^ Soleil in Paris, and Watkins and Hill in London. 

Savart's polariscope is described in Peclet's TraUe de 
Physique, and is sold by the same artists^. 

The accompanying map has been constructed principally 
from computations Aimished to the Committee by Lieut. W. 
S. Stratford, R.N., Superintendent of the Nautical Almanac, 
verified in some parts by duplicate computations made under 
the direction of the Astronomer' Royal. 

The elements employed for computation of th6 geocentric 
places of the sun and moon are those of the Nautical Almanaa 
The sun's semidiameter, as given in 'the Nauti<^ Almanac, 
is increased by y^Vir P^rt, the moon's parallax by ttV^t P*^> 
and the moon's semidiameter by ^^^ part, in conformity with 
the results of extensive investigations by the Astronomer 
Koyal. It is to be remarked that the semidiameter thus 
found for the moon is that corresponding to an illuminated 
moon^seen on a dark sky : if the apparent semidiameter when 
ilie dark moon is seen on the sun's bright disc be sensibly 
smaller, the breadth of the shadow and the duration of total 
darkness will be less than those given in the map. 

The numbers in the 1st, 2nd, 3d, 7th, and 8th columns are 
computed for the points opposite to them in the central line 
of shadow, but they will apply with sufficient accuracy for 
other neighbouring points within the shadow. The numbers 
in the 4th, 5th, and 6th columns are also computed for the 
points opposite to them in the central line of shsklow ; but 
they require large corrections to make them applicable to 
other points within the path of the shadow but not on its 
central line. These corrections are given by the numbers 
at the top and bottom of the map, correspon^ng ta the 
various lines drawn longitudinally through the shadow^s 
path. An Example will best illustrate the mode of finding 
these corrections. 

It is required to find the duration of total darkness and^the 
angles from the upper point of the siin's disc for disappeal^ 
ance and reappearance, at Vladimir. 

Opposite "Vladimir, the duration of total darkness on the 
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central line is 189". The longitudinal line passing through 
Vladimir, if traced to the bottom of < the mafr, is foand^to 
correspond' to the factor -7: Hence the deration of totai 
darkness ai Vladimir will be 189" x 0-7=132": 

Opposite Vladimir,' the angles from the sun's uppcnrpoint 
at disappearance and reappeaa*ai>ce are respectively 64° and 
116-.' The longitudinal' line passing through Vladimir, r if 
"traced to "tiie top of the map; is found to corresponnf to tfa'e 
correction 46° tow'ards S. Hence the angles from the sun's 
upper point for disappearance and reappearance at Vladimir 
will be 

64° + 46"=110^and 116^+46"=:tl62i 

Addendwn- to the -'Suggestions to Astronomers for tJie Observation 
of the Total Eclipse of the Sun.'' " 

It is recomnfended^that a carefiil examination of the sun's 
disc be made, for the discovery of conspicuous faeulae or 
maculsB, in the neighbourhood of the limb. Before the 
eclipse, the examination should be made round the whole 
circumference : after the eclipse, those parts should be par- 
ticularly examined near which red prominences may have 
been seen V. 



Meteorological and Astronomical Notices. By Professor 
C. PiAZZi Smyth. Communicated by the Author. 

The ix^f^Hropriate principle for Anemometers latSea. — ^In our 
last notice much stress was laid on the importance of observ- 
ing the wind more carefully at sea, by using instruments on 
Edgeworth's hoUow-hemisphere principle,- and by taking into 
account the correction for the motion of the* vessel. That 
the necessity of the latter should ever have been doubted by 
scientific ilien seems strange, when all of them must have 
heard of Bradley's havhag been led, 100 "years ago, to the 
discovery of the aberrationof light, by observing ihe apparent 
change in the direction of the wind, ashisboat sailed up and 
down the river ; and being further infom^d by the sailors, 
on remarking the circumstance to them, ** that it was always 
so f viz., that the change of the direction of the boat's motion 
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always caused an alteration in the position of the vane at the 
mast head. While, so far as the effect on the strength of the 
wind is concerned, who in the navy has not heard of crack 
frigates sailing straight before a violent wind, and acquiring 
so nearly its velocity, that though the waves are rolling high, 
and would be deemed stormy if steered against, yet a naked 
lighted candle can be safely held on the quarter-deck, when 
the bystanders, acted on by the difference only between the* 
velocities of the wind and the vessel, feel but a gentle air \ 

That common observation should have detected the sensible 
effect of a cause, even lately declared by a high scientific 
name to be insensible in more accurate instrumental deter- 
minations, seems to be mainly attributable to the species of 
instrument employed, viz., Lind's anemometer, being not of 
the proper principle ; and one has only to look at the great 
extent of the momentary fluctuations of the fluid therein, on 
its extremely small scale too, to extend indulgence to those 
who despaired of being able to read off the mean quantity to 
any degree of accuracj' worthy of minutely calculated cor- 
rections. 

But although by enlarging and otherwise altering^ the in- 
strument, a more certain and stable indication may be pro- 
duced, yet all classes of anemometers giving, like this one, 
pressures instead of velocities, may be considered as fairly 
knocked on the head, since Dr Robinson has shewn (in the 
able description of his Armagh •anemometers recently pub- 
lished in the Transactions of the Royal Irish Academy), that 
while the latter elements, rather than the former, are re- 
quired in all meteorological questions, that they are also 
m<Mre uniformly given, variations of velocity bearing a com- 
paratively small ratio to those of pressure. 

The direction of the wind has always been much better 
observed at sea than the force, i. e., velocity ; for the former, 
there has always been an instrument used, viz., the vane and 
compass ; but for the latter, there has been nothing but the 
ordinary sensations and fancies of men ; hence it is much 
more safe to found meteorological theories on the former data 
rather than the latter : and in this respect the case is some- 
what similar to the computation of the orbits of dbuble stars. 
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which can be undertaken much more securely from measures 
of angles of position rather than from those of distance. The 
simple vane, however, of course, admits of much improve- 
ment, being too liable, like the Lind's gauge, to excessive 
momentary alterations, if it has any sensibility at all ; and 
this it should possess in an extreme degree, or, like many a 
rusted old church weathercock, it may be utterly insensible 
to all slight variations of the atmosphere. There seems, 
however, to be no reason why Dr Robinson's piethod of curb- 
ing the violence of his vane should not be employed on ship- 
board ; and then with this, and the revolving anemometer, 
the two respective elements of the wind might be read off to 
fully as great an amount of accuracy as either the ship could 
be steered and the compass kept constant to, on the one 
hand ; or the speed of the vessel be determined to, on the 
other ; and probably the compass might be improved and 
steadied when tossed about and forced to vibrate much, by 
the application of the Doctor's curbing apparatus in a simpler 
shape, while the revolving hemispheres would certainly be a 
great improvement on Massey's patent log with inclined 
vanes, for while the value of the revolutions of these cannot 
be determined by any measure or examination of the ma- 
chine itself, which can well be made on board ship, and may 
vary every day, from very small and otherwise imperceptible 
accidental injuries, and may not continue constant at different 
velocities and temperatures, — the value of a revolution of 
the hollow hemispheres may be ascertained at once by any 
carpenter's rule, and nothing short of an actual and visible 
smashing of them is likely to alter that proportion sensibly. 
• Improved Forms /or Log-books, — To suggest any alteration 
in the form of the ship's log-book, may not be received by 
sailors very readily ; but still, as they have themselves been 
making various alterations of late, and hardly seem satisfied 
yet, even for their own purposes, — while for those of science, 
which many among them are extremely anxious to subserve, 
the present forms are utterly inconclusive, — some general 
p]^ciples may be indicated, which having been found useful 
in more exact and extensive observations and computations 
on shore, can hardly but be of some service also at sea. 
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The entries of observed quantities being in general made 
hourlyin the log-book, we should' have the computed ones 
also as i^egularly, and these might be arranged on opposite 
pages, and exhibited. in such a tabular manner, that any after 
inquirer may see at a glance whether everi/ correction has 
been duly' applied in any particular' case ; or may apply, if 
necessai^, more exact corrections to lihe original observa- 
tions. These will consist of the apparent velocity and direc- 
tion of motion of the ship, and the same of the wind, and the 
former will constitute elements of correction for the latter, 
but must previously be corrected themselves for other ele- 
ments which should also be inserted in their proper columns, 
viz. the variation and deviation of iiie compass, which will 
of course equally affect the observed direction of the wind, 
the leeway, and ttfe current: 

Until all these measures are t&,Ken, observations on ship- 
board cannot expect to approach that degree of importance , 
which, by making these improvements, might so easily be 
commanded. It ha^ been said that sailors are able, and that 
they do make the necessary correction by the judgment of 
their senses, for the effect of this motion of the ship upon the 
apparent wind felt on board, so as to reduce it to the true 
wind which would be experienced on a rock at the same place : 
but that they do not succeed in so doing may be seen most 
luminously in Lieut. Maury's wind and current charts. Here 
he has endeavoured to collect together the multitudinous 
observations of winds and currents made by the greater part 
of American vessels which have ever sailed, and he has 
defined the particular strength and direction of the wind as 
observed on board each ship every day by particular symbols ; 
a simple inspection of which leads at once in the more 
regular parts of the world, to a knowledge of the general 
movements of the atmosphere. Some remarkable anomalies 
will, however, be found in the region of the trade winds,' and 
at the very part of them too, where such anomalies should 
not be found, but on examination they are undoubtedly owing 
to symbols, near each other, belonging to two ships gol||B'!fn 
different directions, or to one ship changing its coura^;^rom 
day to day. The accumulation of multitudes of observations 
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may doubtless tend to annihilate errors of this description, 
but still there may be some of a constant nature, and much 
valuable time is being lost meanwhile. 

Lieut. Maury* s Generalization of .the Trade-Wind.^ — But 
although I have mentioned these charts to shew how greatly 
the observed elements might be improved, yet I. am happy to 
be able to mention them as having been the means, even in this 
imperfect state, of leading their indefatigable compiler, Lieut. 
Maury, to an extensive generalization, if not, indeed, an import- 
ant discovery, viz., the circulation of the atmosphere round the 
whole world by the trade- winds crossing at the equator into 
the opposite hemispheres, in place of returning to their own 
poles ; a scheme of the grandest nature in meteorology, and 
serving apparently to explain some of the hitherto most per- 
plexing, but at the same time some of the most marked fea- 
tures in the climate of the globe. 

Generally, then, and as long known, we have owt world 
surrounded on all sides with a film of atmosphere, the action 
of the sun warming and consequently rarifying the equatorial 
portion, gives it a tendency to rise up from the surface there, 
while, to supply the vacuum thus made, the colder air from 
the poles rushes in, but the action of gravity preventing the 
continued accumulation of hot air over the equator, necessi- 
tates its falling down to the general level, and therefore 
moving towards the poles from which the air has been .drawn ; 
thus the motions of the atmosphere to and from the equator 
a>re explained. 

Secondly^ The rotation of the earth being communicated to 
the atmosphere, the polar body.of jair, in.its passage to the 
equator, will continually find itself in a piirallel of greater 
rapidity of movement, and will therefore seem to march in 
the contrary .direction, or to blow from the ea^t, while the 
reverse taking place with* equatorial air on it9 way to the 
poles, makes it seem to be .coming from the west ; and these 
directions being confounded with those previously existing, 
giveJ)o the northern hemispheres north-east current going to 
the e^iator,.and a south-west returning from it, and in the 
southern ..hemisphere, similarly a . south-east and north- 
west. 
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Again, as the capacity of air for moisture increases with 
heat, and diminishes with cold, and as air feels to ns to be 
dry or damp, not according to the quantity of moisture which 
it may contain, but upon the degree to which its capacity for 
imbibing it has been satisfied, the current of air from the 
pole to the equator continually becoming warmer and warmer, 
is seeking to extract moisture from everything, while the 
opposite current, having been completely saturated in the 
high temperatures under the equator, is obliged to deposit all 
those spoils, in its approach to the colder regions, when it 
has no longer the power to hold up so much watery vapour : 
hence a general reason why easterly winds are cold and dry, 
and westerly are warm and moist. 

These general laws are much interfered with by the local 
action of alternations of sea and land and other varieties of 
surface, but the usual arrangement of the currents is, — ^that 
from 30° to 10° latitude, the easterly or trade winds prevail 
along the surface ; and from SS"" to 70° upwards, the westerly ; 
while from 30° to 35° in either hemisphere, and for several de- 
grees upon and on either side of the equator, are belts of com- 
paratively calm air ; the latter which is far better marked than 
the other, is when the two trades meet, oppose each other and 
cause much moisture to be precipitated, and rising up, are 
gradually carried back to the poles in a westerly directioA 
over the trades below ; but descending again to the surface 
at about 30°, begin precipitating their moisture again, either 
on being compressed against the sides of mountain chains, 
or as they are gradually cooled in their westerly progress 
towards the poles, the returning current from whence is the 
upper on«, until it descends at 30°, to appear as the nascent 
trade wind. 

This much has been advanced in part or whole by various 
writers, but they have invariably maintained, that each trade 
wind rising up at the equator, returns at once to its own 
pole. Lieut. Maury, however, observes that this appears 
a very unseemly division of the atmosphere of the world into 
two halves, meeting but never mixing at the equator ; and 
that in such a case, in course of ages we might expect to find 
the air of either hemisphere notably difi*erent by reason of 
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the diverse emanations of the plants and animals belonging 
to each ; to such an extent perhaps at last, as to prevent 
human beings safely proceeding from one side of the world 
to the other. 

By making the simple supposition, however, that the trades, 
on rising at the equator, cross over to opposite poles, the 
atmosphere is united in one grand whole, and every particle 
in its turn courses over the whole extent of the earth's sur*- 
face, turning round one pole, and then in a sidelong path 
crossing the equator and proceeding on to the other, turning 
round that and returning again with a continual curvilinear 
motion. 

To prove that such is really the case, Lieut. Maury brings 
forward, j'^r*^, The greater quantity of rain in northern hemi* 
sphere, although the southern may have such a very much 
larger surface of water. Though no accurate experiments 
have been made on the subject, still the fact cannot be 
doubted, for the difference is so excessive, and it is too well 
known to all our colonists in the southern hemisphere. Moun- 
tain chains may doubtless have much to do with the deposi- 
tion of rain, as, witness the unbroken fertility of China, though 
extending through the same latitudes as Arabia and the 
Sahara ; yet mountains will not alone explain the occurrence 
of the Pampas of South America, in the same parallels as the 
well- watered United States in the North, or the waterless 
Australia as the counterpart of the Celestial Empire, and its 
truly magnificent rivers. The extent, indeed, of ocean in 
the south is such, that wherever land is. found, it should b6 
inundated with rain, if this is to be furnished by the eva- 
poration of southern seas ; but if northern seas furnish it, we 
need wonder no more, particularly in the case of Australia 
whose rain winds will have passed over central Asia, where 
they could have obtained but little moisture ; while those of 
North America, on the other hand, have been gathering 
from the vast extent of the South Pacific Ocean. Thus the 
watery wastes of the south seem to maintain the fertility of 
the lands of the North, and the greater amount of evapora- 
tion in the former, and of deposition in the latter, may serve 
to explain another confessed but puzzling natural phenome- 
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non,.Damely, the lower tempecatuce of the southern hemi- 
8phere< to, the jiorthecn- 

Secondiy^^la^ut. Maory brings forward another proof of 
a more exact nature, and very satisfactory as far as it goes, 
namely, an independent .discoyery of ^Ehrenberg's, that a 
peculiar, red rain onthe coast of .Barbary, the Canaries, and 
Spain* contained South American infusoria.; for, according to 
this new<7]dea,of the general motion of the atmosphere, the 
rain winds of the above named countries. should, when ga- 
thering their supplies,.haye passed oyer the latter meniioned 
continent. 

So far exceedingly good, and we only require more facts of 
the san>e descr^tipn, ^m^re carefully inquired into, and more 
fully published, to prove the case ; and then will come the grand 
question, as to the cause of .these phenomena. This Lieut. 
Maury has^ attempted, but not so successfully : he professes 
to see an explanation of jt in Faraday'it discovery of the mag- 
netjjcal. quality of oxygen gas, but he does not explain how, 
and it is not at all likely that any magnetic element in the 
atmosphere could,, by such virtue, exercise the prodigious 
mechanical force -required, to set and ke^p in motion the 
whole. air: though it is likely enough thiit, on the other 
hand, the atmosphere having its movements from mechani- 
cal and tb^wotic. .causes,, may, in coursing over the earth 
from pole to pole induce magnetic curirents having the feeble 
intensity found to exist in terrestrial magnetism. We can- 
not, however, but think that Liejut. Maury has, on the whole, 
opened up a most important question, has placed the subject 
in a grander light than it was ever viewed in before, and it 
is to be hoped will be the means of a greater amount of at- 
tention, with increased, instrumental means, and more ac- 
curate methods being devoted to the inquiry. 

The Rotation of, the Earth, — Though no reasonable man 
now doubts the earth'^s^ rotation on i& axis, yet some crucial 
experiment, by which it should be undeniably exhibited with- 
in the four walls of a room^ has long been felt to be a desi- 
deratum of some little importance, to complete at least the 
educational means commanded in the present day, and through 
which we are now enabled so easily to pass through all those 
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thorny mazes of diflSculty and of perplexing doubts, where so 
many of our fathers laid down and died ; while we, the fortu- 
nate inheritors of the results of their toilsome labours, may 
look back, at an early age, upon all those obstacles over- 
come^ and find ourselves in a position to grapple at once with 
arcana of nature, still bound up in tiie shadowy future. 

Under such circumstances, the pendulum experiment of 
Foucault, starting on the easily demonstrated principle, that 
the plane of vibration of a simple pendulum is independent 
of any smooth and equable motion either of translation or 
rotation of its point of support, and shewing that the appa^ 
rent change of the direction of the plane of vibration of such 
a 'pendulum, as compared with any fixed object on the earth, 
is the consequence really of the latter' s motion of translation 
and rotation. Such a capital experiment was received with 
the greatest enthusiasm by all thinking men. 

One man, however, there is, who, having recently written 
a work to prove that the earth stands still, and that the sun 
is only two feet in diameter, was not a little put out by the 
recent discoveries \ and has got up an experiment to prove, 
dogmatically, that the world does not rotate ; and it must 
be allowed that the legion of experimenters who have started 
up to repeat and to testify to Foucault^s experiment, have 
offered the enemy too many weak points which might 
reasonably be attacked. 

Now, though the principle involved may be perfectly sound 
in itself, still in trying it practically, many errors may arise, 
and render it as difficult for the multitude to repeat, as the 
daguerreotype fixation of the images of the camera obscura, 
or some of Dr Young's beautiful and paradoxical experiments 
on the interference of light. 

Mr Airy, therefore, has been of great service to the cause, 
by stepping out in his peculiarly clear and practical manner, 
and demonstrating in a paper read at the Royal Astronomical ' 
Society of London, what effect will follow from a pendulum 
not describing a straight line exactly, which no free pendulum 
can do perfectly, but an oval not differing very much there- 
from. And he shews that if a pendulum 52 feet long (which 
performs its double vibration in 8 seconds), vibrates in an 
ellipse whose major axis is 52 inches and minor axis 6 inches, j 
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the line of axis will perform a complete revolution from this 
cause in 30 hours nearly. Also that if a common seconds 
pendulum (which performs its double vibration in 2 seconds) 
vibrates in an ellipse whose major axis is 4 inches and minor 
axis x^th inch, the line of axis will perform a complete re- 
volution /r(?w this cause in 30 hours nearly. The direction 
of rotation of the line of the axis, being the same as the 
direction of revolution in the ellipse. He likewise shews that 
errors in the point or mode of suspension, or the wire passing 
through a somewhat oval hole, or being unequally shaped on 
different sides, may cause an apparent vQvoXwiion of the plane of 
vibration; though this m9.y be eliminated by making two sets 
of experiments and changing the commencing azimuth by 45°. 

These numbers and facts should be laid to heart by all 
who undertake to exhibit the rotation of the earth, and they 
should not presume to say that this residual quantity has 
been revealed, until they have corrected their apparatus for 
such innate and necessary imperfections as produce results so 
similar in appearance to those which they are in search of. 

The Total Eclipse of the Sun on July 28. — In our January 
number, we drew attention to this important phenomenon, 
and since then a pamphlet of " suggestions"* for its due 
observance, has emanated from a Committee of the British 
Association appointed for that purpose. The importance of 
the pamphlet is greatly increased by an accurate and detailed 
map of the path of the shadow over Europe, giving a con- 
densed view of the careful and exact series of extensive cal- 
culations, which the Astronomer Royal, one of the members 
of the Committee, recently had performed at Greenwich, As 
he gave a popular lecture recently at the Royal Institution, 
on the nature of and the importance of observing this phe- 
nomenon, and something of the same sort is contemplated 
during the meeting of the British Association at Ipswich, 
in the first week of next month, it is to be hoped that a 
goodly array of competent observers will be distributed along 
the line of the eclipse, so as to ensure in so cloudy a region 
as Europe ; some good and efficient observations being ob- 



* The " SaggestionSy^ and an abstract of the AstronDmer Royal's iecmre, deli- 
vered in the Royal Institution, are given in the preceding pages of this Number. 
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tained' somewhere or other ; though even if the day should 
prove cloudy everywhere, a something will have been gained, 
by habituating, so many persons to the strange and' un- 
earthly effects which come on so instantaneously, at' the 
moment when the last part of the sun vanishes, and a 
merely large eclipse becomes a total one. 

The ominous sign of the sun becoming a dtok patch in the 
sky will certainly not be seen, but the general gloom comes 
on over the face of the earth as suddenly and as super- 
naturally, the clouds appear' to blacken and di3scend, and 
there is a darkness which may be "felt," as of a night' which 
will know no end. This may appear rather trifling when 
read' of, but the effect on those who have witnessed it, whether 
scientific men duly prepared for it, or the vulgar wholly igno- 
rant of the cause, or even brute beasts, is so excessive, that 
they have one and all, more or less forgotten or neglected 
their particular duties, in their admiration of, or their curi- 
osity in, or their alarm at, the general effects. 

The principal observations to be made may be divided 
under three heads, — astronomical, optical, and physical. 

The first, which would consist in determinations of the 
exact instants of time of the beginning and end of the eclipse, 
combined with measurements of the true latitude and longi- 
tude of Uie place of observation, was most important in 
ancient days for the improvement of the tables of the earn 
and moon ; but now when we have their right ascensiouB and 
declinations daily observed with powerful instruments in so 
many observatories, we are no longer dependent on these 
occasional opportunities. Differences of time during the 
eclipse are more important than the absolute times^ though 
the closer these are known, the more convenient it may be 
found afterwards in stringing together and comparing all the 
isolated and perhaps unexpected little facts which may be 
observed. 

The second, or the optical, are not very easily separated from 
the third or the physical, and are chiefly worthy of being, ob- 
served for the purpose of ascertaining what may be the prjB- 
cise limit between them, though doubtless many natural 
philosophers may think them worthy of being pursued tor 
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.'their own sake alone. Of this class seems to be the corona 
seen round the moon during the totality of the eclipse, as it 
. can be imitated easily by experiment in a room, and is of a 
similar nature to the ** glorification" of a tree standing on 
4he edge of a steep cliff rising between us and a bright sun : 
such are also the beads and strings of light seen just before 
the contact of the limb of the moon with that of the sun ; as 
well AS some other smaller circumstances, which seem to in- 
dicate rather the general nature of light, and the imperfec- 
tions or physical qualities of the atmosphere through which 
Ave are doomed to look. 

But the third or the physical observations are those which 
should command most attention, and chiefly those which 
tend to throw any light on the construction of the sun. The 
.moon, besides being so small and comparatively an insignifi- 
cant body, we have always so close to us, and in a variety of 
-favourable positions for examination ; and while she does 
not appear to differ very notably from our globe, there 
seems to be nothing particular going on there at present, 
nothing but what may be left very safely to have the detaik 
-made out at some future time, and no changes seem impends 
ing likely to be of any importance to ourselves. 

But the sun, on the contrary, so vast a body, so eminently 
tdifFerent from any of the planets or satellites, is in a state of 
^^ierce activity, and excessive change ; and while all our hopes 
for good and for evil are bound up in it, we have no idea 
whatever of the nature, or of the source of that vast heat 
•and light giving «urface, or even the laws of phenomena 
which it may be undergoing. 

Now, the total eclipse giving us, for the precious period of 
three minutes, a view of all those fainter developments of 
light outside the visible disc, whose excessive brightness com- 
pletely prevents their being seen at any other time, itijehoves 
the greater part of observers to attend to these alone ; and 
the most important one which can be pointed out, — ^that which 
At present looks most like a real physical fact, and not an 
joptical deception — is the appearance of rose-coloured protu- 
berances, which, if belonging to the sun, must be mountains 
<4dr flames several thousand miles high. But it remains to be 
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proved whether they be solar or lunar prominences ; and this 
is to be done by taking measures as rapidly, but as exactly, 
as possible, of their number, size, form, and position, imme- • 
d lately after the commencement of the totality of the eclipse, » 
and again immediately before its termination. If there should ) 
be many of them, an observer in the middle of the line of the 
shadow should confine himself to those which appear in the 
direction of the moon's path across the sun ; while an obser- > 
ver at the limit of the shadow should restrict his attention to 
those at right angles to that line, and should then compare 
his obsiervations with similar ones made by another person * 
at the opposite limit. To make this comparison effectual, all 
determinations of size or position should be measured instru- 
mentally ii^ terms of space, and nothing should be left to 
mere idea and fancy. A rude? position-micrometer, with a 
coarse screw, and an easy, quick method of reading off divi- 
sions and revolutions might be the best tool to use, if the 
telescope be mounted on a stand having parallactic motion ; 
one screw would prob^-bly be enough, and the wires should 
be very thick, so as to be easily seen without illumination, 
but a lamp might be as well provided, both to guard against 
the possibility of the wires not being seen, just at that pecu- 
liar instant when they are most wanted, and also for facility 
of writing down the numbers. In default of this apparatus, 
the eyepiece might be provided with a network of wires in 
squares, and measures made in terms of those visible quan- 
tities. In either case, some practice should be taken before- 
hand in doing quickly and neatly what may be expected will 
have to be done on the occasion. Combined with the above . 
must be measures, before and after the eclipse, of any light 
or dark spots, or anything peculiar, which may be seen on the . 
sun's surface. 

At the same time other persons should be on the watch • 
for the zodiacal light, that vast nebulous member of the solar 
system, of which we can at other times distinguish only the • 
fainter extremities, but may during the totality witness the , 
denser central portions, and so ascertain, whether it be a 
ring round about and at a distance from the sun, or a lenti- 
cular body having the sun in its densest part. This im- 
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poriant question can only be attempted by the naked eye, 
and of one who has been practised in observing the zodiacal 
light ; but, even then, may perhaps require a rarer and 
clearer atmosphere than any of the small hill tops in any fea- 
jriUe part of the direction of the line of eclipse Qiay attain to. 

Of the Nature and Source of the Sun^s Light and Heat. — 
That so brilliant a display is kept up by the combustion or 
destruction of something, appears to be generi^y if not ani* 
Tersally maintained, but what that matter may be, and how 
supplied, no probable guess has yet been made. The intensify 
of the solar light and heat is easily proved, and that it re- 
sidei^ chiefly, if not entirely, at the surface ; and that surface 
on being closely watched, is found to be in a state of excessive 
agitation, and experiences periodical disturbances and altera- 
tions of a very excessive character. When periodical changes 
are seen, we may expect secular ones also ; and if the 
former were of a regular character the latter might be 
necessarily inferred, but although no regular law has yet 
been made out for the sun, the probability of their slow 
variations through long periods of time is great, and is 
increased when we turn our attention to those other suns, 
the stars, and find some of them increasing and others de- 
creasing, or going through regular periods of varied lengths, 
and many degrees of gradation in brightness. The same may 
also be inferred from the geological discoveries, of their hav- 
ing beten formerly glacial ages in the world, and again torrid 
ones, for there is no other cause that we know of equal to 
produce the effects observed ; while, if our sun were to have 
increased or decreased in the amount of light and heat 
thrown out, as much as some stars have done during the 
last four years, all organic bodies might have perished on 
the surface of the earth before now from excess, or from lack 
of heat. 

The question is, therefore, one well worthy of being in- 
quired into instrumentally, and it is to be hoped that it wQl be 
taken up in a business manner by some one before long. In 
the meanwhile, anything tending to explain the real nature 
of the phenomena may be of use, as serving to render the di- 
rection of observations more certain, and as some novel views 
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in this direction having been recently communicated by Mr 
James Nasmyth, C.E., to the Astronomical Society of London, 
they may be interesting to our readers, and in his own 
words. 

" Impressed with the conviction that the progress of science 
has often been most importantly advanced by the setting 
forth of hypothetical views as to the nature of those causes 
which result in great phenomena, I am, for these reasons, 
induced to hazard and venture forth with some views on the 
subject of the nature of solar light, more especially in refer- 
ence to the well-known but most remarkable phenomena, 
occurring in the case of stars of variable and transitory 
brightness, as also in reference to those wonderful results of 
geological research, namely, the unquestionable evidence of 
the existence of an arctic or glacial climate in regions where 
such cannot now naturally exist ; thus giving evidence of the 
existence of a condition of climate, for the explanation of 
which we look in vain to any, at present, known cause. 
/ " I mast plead the fact of the existence of such wonderful 
phenomena as these alluded to as my apology for thus 
attempting to come forth with what, although they may ap- 
pear crude, theoretical notions, yet may, as tending to direct 
increased attention to important phenomena, lead in due 
time to the development of truth, and extend the present 
•bounds of our knowledge of those mighty laws which are so 
mysteriously indicated by the existence of the phenomena in 
question, and with the evidences of which we are yet sur- 
rounded. / 

" A course of observations on the solar spots, and on the 
remarkable features which from time to time appear on the 
sun's surface, which I have examined with considerable assi- 
duity for several years, had in the first place led me to enter- 
tain the following conclusion ; namely, that whatever be the 
nature of solar light, its main source appears to result from 
an action induced on the exterior surface of the solar sphere, 
— ^a conclusion in which I doubt not all who have attentively 
pursued observations on the structure of the sun's surface 
will agree. 

" Impressed with the correctness of this conclusion, I was 
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l«d to consider whether we might not reasonably consider 
the true source of the latent element of light to reside, not in 
the solar orb, but in space itself ; and that the grand function 
and duty of the sun was to act as an agent for the bringing 
forth into vivid existence its due portion of the illuminating 
or luciferous element, which element I suppose to be diffused 
throughout the boundless regions of space, and which in that 
case must be perfectly exhaustless. 

"Assuming, therefore, that the sun's light is the result 
of some peculiar action by which it brings forth into visible 
existence the element of light, which I conceive to be latent 
in, and diffused throughout, space, we have but to imagine 
the existence of a very probable condition, namely, the unequal 
diffusion of this light-yielding element, to catch a glimpse of 
a reason why our sun may, in common with his solar brother- 
hood, in some portions of his vast stellar orbit, have passed, 
and may yet have to pass, through regions of space, in which 
the light-yielding element may either abound or be deficient, 
and so cause him to beam forth with increased splendour, of 
fade in brilliancy, just in proportion to the richness or poverty 
of this supposed light-yielding element as may occur in those 
regions of space through which our sun, in common with every 
stellar orb, has passed, is now passing, or is destined to pass, 
in following up their mighty orbits. 

'* Once admit that this light-yielding element resides in* 
space, and that it is not equally diffused, we may then catch 
a glimpse of the cause of the variable and transitory brigh1>- 
ness of stars, and more especially of those which have been 
known to beam forth with such extraordinary splendour, and 
have again so mysteriously faded away ; many instances of 
which abound in histoncal record. 

" Finally, in reference to such a state of change having 
come over our sun, as indicated by the existence of a glacial 
period, as is now placed beyond doubt by geological research, 
it appears to me no very wild stretch of analogy to suppose 
that in such former periods of the earth's history our sun 
may have passed through portions of his stellar orbit in which 
the light-yielding element was deficient, and in which case 
his brilliancy would have suffered the while, and an arctic 
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climate in consequence spread from the poles towards the 
equator, and leave the record of such a condition in glacial 
handwriting on the [everlasting/walls of our mountain ravines, 
of which there is such abundant and unquestionable evidence. 
As before said,, it is the existence of such facts as we have 
in stars of transitory brightness, and the above-named evi- 
dence of an arctic climate existing in what are now genial 
climates, that requires some adequate cause to be looked for. 
fl have accordingly hazarded the preceding remarks as sug- 
gestive of a cause, in the hope that the subject may receive 
that attention which its deep interest entitles it to obtain./ 

" This view of the source of light, as respects the existence 
of the luciferous element throughout space, accords with the 
Mosaic account of creation, in so far as that light is described 
as having been created in the first instance be/ore the sun was 
called forth." 

Discovery of another Planet by Mr Hind, — Oi> May 19th, Mr 
Hind, at Mr Bishop's Observatory, succeeded in discovering another 
small planet, RA then 16^ 4™, and N P D 183"^ 23'. It has since 
been named by Sir J; Herschel Irene, and a dove with an olive branch, 
and a star on the head, assigned it as a symbol. The brightness 
of the planet at the time of discovwy was rather over that of a star 
of the ninth^ magnitude ; the liglH was very blue, and there appeared 
to be a surrounding faint nebulous envelope, which was not percep- 
tible about the stars in the vicinity. 

The distance of Irene from the sun. proves to be 2*654, and the 
period 1491 days, coming very close to the last previously discovered 
asteroid, Egeria, the numbers for which were respectively 2*579 and 
1513. 

An interesting feature in the history of the discovery, is the fact 
of its having been independently found only four days later by the 
active Neapolitan, M. Gasparis, and is the first instance among the 
asteroids of the same body being separately discovered by two per- 
sons, though there are few of the comets where the ^honour has not 
been more or less divided. 

Saturn'^s dark Ring, — The interesting, and, as^ it was thought, 
new feature, seems to have been discovered by Encke as far back as 
1838, and to have been published at the time with as many details 
as have now been ascertained by Messrs Bond, Dawes, and Lassel. 
It is to be regretted that in all the intervening time no transit of 
the ring across a star should have been observed to give an idea of 
the number and transparency of the light and dark rings, which 
Professer Bond is inelinbd to think raufit be of » fluid nature. 
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The Agironomisches Narhrichten Journal. — ^This invaluable as- 
tronomical journal, the existence of which was endangered bj the 
recent lamented demise of its able editor Professor Schumacker, has 
now fortunately been taken up bj Professor Hansen and Dr Petersen, 
a combination which must ensure success in every scientific point of 
▼iew ; but as it is not known whether the Government aid will be 
continued, ail well-wishers to the progress of astronomy should con- 
tribute their assistance, and it seems that the numbera which com- 
pose a volume can be sent free by post to England for lis. 6d., and 
a list of subscribers' names has been commenced at the Astronomical 
Society in London. A collection is, moreover, being made out of 
the old stock in hand, which may enable many possessors of income 
plete series of this valuable journal to supply the missing numbers. 

The Planet Neptune, — ^Part of vol. ii. of the Smithsonian con- 
tributions to knowledge has just arrived from America, containing 
some valuable researches relative to the planet Neptune, by Mr 
Sears C. Walker. The first section contains an abstract of events 
connected with the discovery of Neptune, the progress made in its 
theory, and the completion of the theory of Uranus. The second, 
a detailed account of the discovery of the two ancient places of Nep- 
tune observed by Lalande in May 1795. The third, computations 
relative to the authenticity of Lalande's observations. And the 
fourth, subsequent researches on the orbits of Neptune, in the course 
of which, with the most praiseworthy labour and skill, all the obser- 
vations of any weight which are known to have been made of the 
planet down to January 1848, whether at public or private observa- 
tions, and in all parts of the world, have been collected together, 
and compared with an ephemeris derived from Mr Walker's ele- 
ments. Thus forming one of the grandest contributions which has 
been made to exact astronomy for some time past. 

Parallax of a^ and ^ Centauri. — ^This star, which was so ably 
taken up by Professor Henderson, and proved to be closer to as than 
any other of which we have trustworthy observations, has been fur- 
ther followed up by Mr Maclear, Astronomer Royal at the Cape 
of Good Hope, and he has now sent home the results of observations 
in the years 1842, 3, and 4, and again in 1848 ; and for the final 
conclusion from the whole, Mr Maclear deduces the parallax to be 
(/'•OlS? :t 0"-034. Professor Henderson's results having been 
0"*9128, the accordance is greater than the most sanguine wish 
could have anticipated ; and, as far as mural circle observations of 
absolute declination can go, nothing more satisfactory can be wished 
for ; Mr Maclear is, however, now, very properly, attacking the 
parallax in Right Ascension, by means of differential observations 
with the equatorial. 

Orbit of a^ and ' Centauri, — " a Centauri," writes Mr Jacob, 
H.E.I.C., Astronomer, Madras, April 12, ''is coming round and 
has reached 252°, but the distance does not decrease so fast as it 

Digitized by ^^jUU^ ItT 



and Astronomical Notices. 187 

ought ; my daylight measures I find to be deoidedlj smaller than 
those bj lamplight : the dijBTerence being "*20 or "'25 ; the same was 
doubtless the case at Poena, with the five foot, and it was from not 
being conscious of this, that I was thrown out in my first orbit— the 
last measures being nearly all daylight ones, there appeared to be a 
rapid change of curvature in the path ; whereas in fact the altera- 
tion has not beoome clearly sensible up to the present moment. 
There is much difficulty in accounting for this, and it may have 
something to do with the false light and colours arising from the re- 
fraction causing the centre of figure of each image to be diffisrent 
at night from what it is by day, when the false light is cut off. As 
the small star is i^lways (apparent) uppermost here at the time of 
observing, the error in distance arising from this cause would have 
a constant sign ; and if this be true, the error will change its sign 
when the stars change quadrants, as they will in about two years at 
furthest. 

*' The climate of Madras,** he adds, '* seems as bad for observing 
as the English, for there is nearly as much cloudy weather ; and 
where there is a ludd interval^ one feels perhaps so exhausted by 
the heat, and utterly worn out, as to be unable to take full advan- 
tage of it. But at Poena, if one did miss a clear night from any 
cause, it mattered little, as one was pretty sure that the next and 
the next, and the next, would be equally good. I am just now 
starting for the Nilgiri hills, to look after the small meteorological 
Observatory there, and also to seek a suitable place for the gresit 
Beflector." 

Orbit of y Virginis. — The elements of this binary star, an object 
as important and interesting to northern observers, as a Centauri is 
to those of the south, have been recently computed by Mr Hind 
upon the observations solely of Captain W. H. Smyth. The period 
which they extend over is small, about twenty years, but includes 
the very critical period of the periasti:al passage, and Mr Hind was 
very desirous of ascertaining, by comparison of elements so determined, 
with those arising from a discussion of the whole of the measures of 
cUl other astronomers, what kind of dependence might be placed on 
the elements of other binary systems, computed under similar cir- 
cumstances, where, during the interval between the earliest and latest 
observation, a smaU portion only of the ellipse has been described, 
and that depending merely, or altogether on the measures of one ob- 
server. Though, as he says, these observations in question were 
taken by one of the most experieneed observers of the present day, 
in this particular department of astronomy, still he had not expected 
such eminently satisfactory results as have been brought out. The 
agreement of all the important elements, with those obtained by Sir 
J. Herschel, from a discussion of all the known observations being 
80 exceedingly close ; as, perihelion passage, according to the first, 
1836*40 ; according to the last, 1836*39. Position at perihelion, 
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• 
323"* 60', and 322° 12'. Inclination to plane of projection. 2T 23', 
and 28° 42'. Excentricity, 0-8804, and 8860 ; and period, 171-54 
years, and 183' 14 years. 

Mr LasseVs Reflector, — Mr Lassel of Liverpool writes of having 
tried the method of supporting a speculum at great angles of incli- 
nation, which he described the principle of to the British Associa- 
tion here last summer, and has found it to answer fully as well as 
he had expected. The performance of the telescope being much im- 
proved thereby, and very equal at all distances from the zenith. He 
has likewise made an improvement in his polishing-machine, by 
giving a special movement to the polisher ; but complains as much 
as ever of the untoward atmosphere. The greater part of our obser- 
vatories, indeed, both public and private, seem built on purpose to 
court the utmost of these ungrateful impediments to astronomical 
observation. 

Comet o/Biela, — ^This comet, which was an object of such extreme 
interest at its last apparition in 1846, on account of its separation into 
two distinct bodies, while under our eyes, will be an object of equally 
earnest attention at its next appearance in 1852, to ascertain whether, 
as suspected, the separation has been increasing, and there he now 
two distinct comets, moving in different orbits. To assist in the 
search. Professor Sestini has computed from his elements, an ephe- 
meris for July to September 1852, and it has been published in 
the Astronomical Society's Monthly Notices. 

The Establishment of the New Meridian Instrument at Greenwich. 
— The Astronomer Royal's Report to the Greenwich visitors describes 
the new meridian instrument as being now actually at work, and 
with all the contemplated good results. The first desideratum, that 
of more light, has been obtained not only by the use of a large object- 
glass, but by employing a method of illumination which gives at 
pleasure, either dark wires and a bright field, or bright wires and a 
dark field. Though the instrument is so much larger than the old 
mural circle, yet the reading off of the divisions by the microscopes 
is far easier, by means of their convenient conical arrangement and 
abundant light ; while, above all, there are such much more perfect 
means of examining into the necessary adjustments of the telescope 
than were provided with the older class of instruments, — means, too, 
that can be referred to so frequently, and under any circumstances 
of weather. 

Mr Airy is therefore weD justified in taking down from their piers 
the old transit instrument and mural circle, and hanging them up on 
the walls of what is becoming an astronomical museum room, 
amongst the other exploded forms of instruments belonging to bygone 
ages. And of all the successive advances that have been made at . 
one time, from one form and construction to another, there is hardly • 
any so important and so striking as the one in question. The dis- 
missal indeed of the mural circle to the abode of the defunct, is an^ ^ 
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event in the history of practical astronomy of no ordinary kind ; for 
that at least seemed, of all instruments, to be the one whose problem 
had been best worked out ; for, through so many years, every suc- 
ceeding mural circle that was made, whether by Troughton, its con- 
triver, or by any other opticians, was made precisely on the same 
model, no one seemed capable of suggesting any improvement. At 
length, however, Dr Robinson dealt it a mortal blow, by the import- 
ant alterations which he introduced in the circle made for the Armagh 
Observatory, especially in the divisions, the microscopes, and the 
mode of moving and handling the instrument, which seem to have 
been adopted, with some modifications, at Greenwich ; where the 
final discomfiture has been effected, and the proof satisfactorily esta- 
blished, that the astronomer is the person who should contrive the 
instruments which he is to use, not the optician, who has no ex- 
perience in observation : and the extreme advantage, and even 
economy, is shewn of sometimes incurring an expense for new 
instruments, in place of continuing to try to get on with the old and 
imperfect ones of a former day. 

This grand revolution effected, the altitude and azimuth instrument 
answering its intended purposes of observations of the moon extremely 
^ 1 well; the new- reflex-zenith telescope being almost complete, and the 
, ^ I American mode of the electric registration of transits being in progress 
ill ^^ application, and all the calls for these extra expenses having- been 
5 ^ 1 most liberally responded to by Government^ — Mr Airy believes that 
S |i I he will not have any other improvements to propose for some time to 
^ ^ J come, and that the Royal Observatory is nearer a normal state now 
i r than it has been for a long time past. 

j*^ The Oxford Observatory, — Mr Johnson has equally satisfactory 

^ news to report from Oxford, having been furnished some time ago 

by the Radclifie Trustees with a magnificent heliometer, and now 
having recently had a second assistant astronomer appointed under 
him, besides a journeyman to prepare photographic paper for self- 
registering instruments, and execute such work generally, and leave 
has also been given him to employ additional computers occasionally ; 
80 that he considers his observatory *' to be now as well set up as 
it need be." It is to be hoped that other public astronomers may 
soon be enabled to say the same of their observatories. 



SCIENTIFIC INTELLIGENCE. 

METEOROLOGY. 

1. The Great Fall of Rain in the Lake District in the North of 
England. — The most important fact connected with these observa- 
tions is stated to be the discovery of a mountain station which 
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promiset to yield nearlj one-third more rain than the haralet of 
8eathvaite, in Borrowdale, hitherto, with good reason, considerod 
to be the wettest spot in the three kingdoms. This, the new statioa, 
*' the Stye," on Sprinkling Fell, is about a mile and a half distant 
from Seathwaite^ in a south-westerly direction, and 580 feet 
aboTO it, at the extreme southern termination of the valley. The 
actual quantity of water measured in eleven months of 1850, 
was 174*33 inohes ; but as the receiver was found running over on 
four different occasions, the loss is calculated at 5 or 6 indies st 
least; and 5*6? is added, making the quantity in eleven months 
18000 inches. Adding to this 9*49 inches, the depth for January, 
computed from that for January at Seathwaite, it appears that the 
whole depth of rain fallen at << the Stye;' in 1850, was 189*49 
inches. Mr Miller further remarks, that the wettest year since 
the commencement of the observations was 1848, when 160*89 
indies fell at Seathwaite ; and computing the fall at the new station 
for that year, we have 211*62 inches for the depth of rain at *'the 
Stye" in \M%.—Fletcker MiUer, Esq., F.R.S. 

2. On the Relation of the Direction of the Wind to the Age of 
the Moon^ as inferred from Observations at the Royal Observatory^ 
Greenwich, from 1840 November^ to 1847 December. By G, B, 
Airy, Esq., F.R.S., ^c. Astronomer Royal. Received January 
18dl.-*-The author states, that in a voyage to Shetland, in the year 
1849, he heard allusions to the belief entertained generally by Nor- 
wegian seamen, that a northerly wind may always be expected about 
the time of new moon. The expression of this belief was so positive, 
and the implication of the interests of the persons entertaining it was 
80 distinct, that it appeared to him extremely probable that there 
was some physical foundation for it. At the first convenient oppor- 
tunity he therefore took measures for discussing, with reference to 
this question, the directions of the wind at the Boyal Observatory 
during a period of rather more than seven years, as ascertained from 
the records of Osier's self-registering anemometer. He extended 
the research so far as to enable any one to judge whether there is 
any probable relation between any direction of wind and any age of 
the moon. 

The collection and summation of the numbers was effected under 
the immediate superintendence of Mr Glaisher ; and great pains were 
taken to establish such checks on the operation that error is con* 
sidered to be almost impossible. 

The general result is contained in a table subjoined to the paper. 
This exhibits the number of hours during which the wind blew in 
each of sixteen equal divisions of the aximuthal circle, and also the 
number of hours of sensible calm, in the period extending (with 
very small interruptions) from 1840 November, to 1847 December, 
arranged in reference to the days of the moon's age. The author 
remarks, that while this table shews that there is a great uricertaiutj 
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in the verification of an emperical law, even from nearly ninety lana^- 
tiona, it seems very distinctly to negative the asserted law which gave 
rise to the inquiry. — Proceedings of the Royal Society for Marck 
1851. 

HYDROLOGY. 
3. Action of Waves. — In the course of a paper read before the 
Society of Arts, on " Artificial Break-waters," by Mr A. G. Findley^ 
we find some interesting facts concerning the force and action of waves 
of the ocean. The dynamic force exerted by sea waves is greatest 
at the crest of the wave before it breaks, and its power in raising 
itself is measured by various facts. At Wasberg, in Norway, in 
1820, it rose 400 feet, and on the coast of Com wall, in 1843, 300 
feet. The author cites numerous other cases, shewing that the waves 
have sometimes raised a column of water equivalent to a pressure of 
from three to five tons to the square foot. He also proved by a 
table, that the velocity of the waves depends on their length ;-^that 
waves of from 300 to 400 feet in length from crest to crest, travd 
with a velocity of 20 to 27^ niiles an hour, and this, whether they 
are 5 or 64 feet in total height. Waves travel very great distances, 
and are often raised by distant hurricanes, having been felt simul- 
taneously at St Helena and Ascension, though 600 miles apart, and 
it is probable that ground-swells often originate at the Cape of Good 
Hope, 3000 miles distant. Nor do waves exert their force at or 
near the surface only, one instance being mentioned where a diving 
bell at the depth of eight fathoms was moved 5 feet laterally in 
calm weather. The motion of '* shingle" depends on the direction 
in which the surf strikes the shore, which is influenced by the direc- 
tion of the wind, and this is shewn from observations on the French 
coast to be in the ratio of 229 days from western quarters, to 132 
days from eastern quarters. At the British Association, Mr Steven- 
son made a statement of the result of certain observations made by 
him on the force of waves with reference to the construction of 
marine works. The result of the experiments made gives a force of 
about 1^ ton per square foot for the German Ocean, and of 3 tons 
for the Atlantic Ocean. The experiments from which these results 
were obtained were made at the Bell Bock and Skerryvore Light- 
houses. — American Annual of Scientific Discovery ^ 1851, p. 160. 
4. On the Alteration which Well-water undergoes. By M. C. 
BloTideau, — The analysis which the author has performed on the 
water of a great number of the wells of Bhodez, has led him to adopt 
the following conclusions : — 

1 . Well-water may be altered by two causes : by the presence of 
mineral salts held in solution, and by that of animal matters. 

2. The mineral substances which occur in solution are Silica, alu- 
mina, carbonates and phosphates of lime and magnesia, potash, 
alum, chlorides of calcium, magnesium, and sodium, with nitrates of 
tlie same bases. These different substances are not hurtful to the 
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animal economy, when they exist only in small quantity. Well- 
water (of which a Htre ?) contains only four to five centigrammes of 
these substances in solution, may be employed for all domestic uses, 
provided it does not contain too large a proportion of animal matter. 

3. Water, of which a litre contains one gramme of the above- 
•mentioned substances, may still be good for drinking ; but it is not fit 
for cooking vegetables or washing linen when it contains 0*1 gramme 
of lime or magnesia. 

4. Water, of which a litre contains 0-1 gramme of lime or of 
tnagnesia, and 0*1 gramme of organic matter, is improper for any 
domestic use. 

6. It is of the utmost importance to state the existence, and de- 
termine the quantity of animal matter held in solution in waters ; 
■for if they exceed the limits above stated, they act disastrously on 
Jthe economy, and may occasion dysentery, and various maladies which 
appear to be contagious, because the whole population acquire the 
seeds at the same sources. 

6. The presence of magnesia in drinkable waters does not pro- 
duce so hurtful an action as supposed by some persons. / The well- 
water of Bhodez contains on an average five times as much magnesia 
as the waters of the valley of the Iser, analysed by M. Granger; 
and yet endemic diseases, as goitre and cretinism are entirely un- 
known in the chief town of Aveyr(»i.y 

-7* The water of certain wells possesses a very disagreeable earthy 
taste; this taste is derived from alumina held in solution by car- 
bonic acid. It is observed that those well-waters which contain 
most of this base have the strongest earthy fiavour. 

8. It results from these experiments, that a classification of drink- 
able waters based on the relations which exist between the sulphates 
and the chlorides, must be a defective one ; for this relation varies 
with respect to the same kind of water, within limits of considerable 
extent ; and it is never certain that the water operated on has not 
met in its course either above or below the soil, with substances 
which have lUtered and changed the proportions in which these salts 
enter into its composition. — VInstttuty ]^. 851 ;( PkUosopTUccd 
Magazine^ voL xxxvii,, No. 251, p. 395. 
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5. The extent of the coal area in Northumberland and Durham 
is, in round numbers, 500,000 acres ; and, consequently, its total 
contents amount to not less than 10,000,000,000 tons of coal, of 
which 1,600,000,000 only have been worked. The present annual 
consumption is estimated at 10,000,000, including the waste; and 
it consequently follows, that, at this rate, it would take above eight 
centuries to exhaust this single field. 
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6. Platinum of CoHifornia, — ^In a letter from J. E. Tesche- 
macher, we are informed that he has detected a proportion of plati- 
num among the grain gold of California, that will render it an im- 
portant object of search in that region. In an onnoe of the fine 
grains, he found about 50 granules, which proved to be this metal. 
He observes, that the proportion obtained is about as large as from 
the South American mines. — American Journal of Science und 
Arts, vol. X., No. 28. 

7. Discovery of a New Metal by Dr Bergemann, — In making 
some experiments with the Woehlerite and £nkoHte, from the Zirkon 
syenite of Brevig in Norway, the author separated a substance which 
both in its oxidized state as well as in its compounds, differed from all 
the known simple bodies. The name of donarium has been assigned 
to it, after the Teutonic god Donar, the northern Thor. — Philoso- 
phieal Magazine, — This mineral was first noticed by Dr Krantz o€ 
Bonn, who has published a description of it under the name of 
Oiangite, from orange being its characteristic colour. 

8. EJ^ect of Pressure on the Freezing of Water, — ^Professor Crenon 
made some remarks upon the experiments of Professor Thomson, 
and which Professor Thomson believes to shew that the temperature 
of congelation of water and other bodies that expand, at the moment 
of solidification, is raised proportionally to the increase of pressure 
to which they are subjected, the ratio of temperature to pressure 
being in water, 1*10 of a degree of Fahrenheit's scale, in ten addi- 
tional atmospheric pressures. 

Mr Crenon presented to the notice of the Society a speculatiool 
into which he had been led on the subject, shewing the effect that 
such a law might produce in causing water to retain the state of a 
solid, at a very high temperature. For example, if a continuous 
channel, admitting atmospheric communication, should exist in the 
crust of the earth to the depth of seventy miles, the pressure of the 
atmospheric column would exceed fifteen million pounds on the square 
inch ; and, according to Professor Thomson, water would remain 
solid at a temperature above 10,000° Fahrenheit, a heat far above 
that of molten iron. — Proceedings of the American Phil, Soc, vol. 
T., No. 45, p. 168. 

9. M. Barrande on the Trilobites of Bohemia. — In bringing 
together so vast a collection of materials, the author, a native of 
France, depended entirely upon his own resources, and received no 
government assistance. On inquiring of him what was his method 
of collecting, he informed me that for ten consecutive years he had 
systematically pursued the same plan, which is so characteristic of 
his energy and perseverance, that the Society will not, I feel sure, 
deem it unworthy of notice. M. Barrande first made a preliminary 
survey of the region which he had resolved to explore, and having 
determined the relative position and outcrop of the various beds, 
engaged ten or twelve intelligent workmen, who were taught how to 
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search for fossils and provided with all the necessary too)s, ^eluding 
magnifying glasses. Under the superintendence of their employer, 
these men proceeded to open and work innumerable quarries, ^rfaere 
ever there seemed to be a promise of obtaining organic remains,, and 
solely for that object. They continued to labour uninterruptedly in 
this manner for ten years, and the following statement will give some 
idea of the rich harvest which they reaped. The Bohemian spec|es 
of all classes of fossils previously described by Sternberg, Boeck, ^d 
Zenker, scarcely exceeded twenty in number, whereas M.,Barrande, 
during his investigation, procured 1100 species from, the same area, 
probably the most numerous assemblage of paleozoic remains in the 
world, and even more valuable, from the perfect state of their .pre- 
servation, than from their numbers. 

The 1100 species may be divided into the different classes^efirly 
as /oUows ; — 

Crustaceans, chiefly Tribolites, 250 species; Gephalopods, 250 
species; Gasteropods and Pteropods, 160 species; Acephala, 130 
species ; Brachiopods, 200 species ; Corals, &c. &c., 1 10 species ; 
Total 1100. — Quarterly Journal of the Geol. jSpc, vol. vii.,.So. 
26, p. xxii. 

ZOOLOGY. 

10. 2%e boring power of Pholas Dactylus. — ^Having, while re- 
siding here, opportunities of studying the Pholas Pactylus, I have 
endeavoured during the last six months to discover how this mollusc 
makes its hole, or crypt in the chalk ; by a chemical solvent ? by 
absorption ? by ciliary currents ? or by rotatory motions ? 

My observations, dissections, and experiments, set at rest all con- 
troversy in my own mind. Between twenty and thirty of these 
creatures have been at work in lumps of chalk, in sea- water in a 
finger glass and a pan, at my window, for the last three, months. 

The Pholas Dactylus makes its hole by grating the chalk with. its 
rasp-like valves, licking it up when pulverized with its foot, forcing 
it up through its principal or branchial siphon, and squirting it out 
in oblong nodules. The crypt protects the Pholas from conferwty 
which, when they get at it, grow not merely outside, but even within 
the lips of the valves, preventing the action of the siphons. 

In the foot there is a gelatinous spring or style, which even wh^n 
taken out, has great elasticity, and which seems the mainspring, of 
the motions of the Pholas Dactylus ^ — Communxcaied by Mr John 
Robertson f Queen's Road, Brighton, 

11. Story of the Painting by Zeuxis. — The folio wing, anecdotes 
prove, I think, that the ancient story of some fruit having been 
painted by Zeuxis which birds were deceived by and pecked at, 
may be quite true, and yet that the inference may be wrong tbfat 
have been drawn from the fact, viz., that they were well . painted, 
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for it appears to be more probable that tbe bircU were attracted 
onlj by the bright spots of colour in the painting. Swainson, ia 
the Second Series of his Zoological Illustrations^., gives a figure- 
and description of the Trichoglossus Swainsoni, blue- bellied Lory, 
Plate 92. It is a very beautiful bird of Australia, which feeds on 
the honey it obtains from the blossoms of the Eucalyptus tree. In 
describing it he says, that '* a tame individual on being shewn tne 
coloured, drawing of a native plant, tried to suck the flowers, and it 
even made the same attempt with a piece of cotton furniture.*' 

I have seen an insect in the same way deceived by bright spots of 
colour. In a room rudely stencilled with imitations of bright coloured- 
flowers, the genus or species of which it would not be easy for the- 
most skilful botanist to decide,.! saw the moth of the Sphinx convoU 
vtfU repeatedly fly along the wall and dart at every bright spot of 
colour, as if taking it for a real flower. These anecdotes wouldalso 
tend to shew, that some animals are guided to their food^ more by 
sight than by scent. — ^r W. TrevUi/an, 

12. New Marine Animals discovered during a cruis& among the 
Hebrides, By Professors Edward Forbes and J. Goodsir* — TUe 
animals either wholly new, or new to Britain, described in this com- 
munication, were taken during a yachting cruise with Mr Macandrew, 
of Liverpool, among the Hebrides, in the month of August 1850. 
During this voyage, which lasted three weeks, a series of observa- 
tions were conducted by means of the dredge and towing-net^ Not 
a single new testaceous mollusc was procured ; but several,, remark- 
able Ascidians and Eadiata were dliscovered^ some of themiso curious 
in themselves, and so important in their zoological beaijngs, that 
the authors of this paper thought it desirable tQ lay an account of 
them, before the Koyal Society of Edinburgh.. 

The most remarkable of these is the longest compound'Ascidiaa 
yet discovered in the Atlantic. Its nearest described ally is the 
genua Diazona of Savigny, between which animal and Clavellina it 
forms a link. The authors of this paper propose to designate this 
animal Syntethys Hebridia^ having found it necessary to establish a 
genus for its reception. The authors have also dredged up the 
Holothuria intestincdis of Ascanius and Rathke, which is the second 
species of Holothuria proper discovered in the British seas ; the first 
having been discovered by Mr Peach under the name of ** Nigger," 
given to it by the Cornish fishermen. 

A new species of the curious genus Sarcodictyon, distinguished 
by the polype cells being grouped in assemblages of from three ta 
five,^ was described under the designation of S. agglomeratum. 

The Arachnactis albida of Sars was found in the Minch. Por- 
tions of an animal found by Professor Balfour in the same locality 



* Vid€ Proceedings of the Royal Society of Edinburgh, February 1851. 

n2 



Digiti 



zed by Google 



196 ScienHfic Intelligence^ Zoology. 

in 1841, have now been recognised as belonging to this curious 
Actinea. 

The other animals described in this communication were, a species 
of naked-eyed Medusa, for the reception of which the authors found 
it necessary to establish a new genus, Planda (Planda gracilis!) 
Seven new species of Medusae, referable to the genera Oceanea^ Slab" 
beria, Hippocrene, and Thaumantias, were also described. 

The communication was illustrated by coloured drawings. 

13. East India Company s Museum. — Several valuable specimens 
of Natural History have just been added to the Honourable East 
India Company's Museum, Leadenhall Street, among which are : — 
Ovis Ammon (male and female), from Thibet ; Ovis Nahura (male 
and female), from Thibet ; Ovis Vignei Tmale), from Thibet ; Ovis, 
domestic sheep of Thibet ; Capra, goat or Thibet ; Capra Ibex, from 
Kumaon ; Equus Kiang, wild ass of Thibet ; Tetracerus Quadri- 
comis, the four-horned antelope. The whole of the above have been 
presented by Captain R. Strachey, and have been beautifully stuffed 
and arranged, by Mr Joseph Baker, animal preserver to the Com- 
pany, and to the British Museum. 

14. Nest-building Fishes, — At the meeting of the American As- 
sociation at New Haven, Professor Agassiz made an interesting 
communication on the *' care which certain fishes take of their 
young." After referring to the general disbelief with which stories 
of fishes taking care of their young have been received, he stated 
that recently, while engaged in collecting insects along the shores of 
Lake Sebago, in Maine, he was led to observe the actions of a couple 
of cat fish, which at his approach left the shore suddenly and returned 
to the deeper water. This movement being several times repeated, 
he was led to a closer observation. The peculiar black appearance 
of the place which the fishes had left, first attracted his particular 
attention. Examining more closely, a nest was discovered, in which 
were moving a number of little tadpoles — ^these were at first taken 
for the tadpoles of frogs — and to test the attachment of the old 
fishes to the spot. Professor Agassiz took some pains to experi- 
ment upon them. Pausing for a few moments, the two fishes 
returned slowly and cautiously, looking anxiously towards the 
nest, to see if it had been disturbed. They approached to within 
six or eight feet of where he stood. They were evidently not in 
bearch of food, and he became convinced that they were seeking the 
protection of the young. Large stones thrown repeatedly into the 
middle of the nest, after these fishes had returned to it, only served 
to frighten them away for a brief period ; they invariably returned 
to tho spot within ten or fifteen minutes afterwards. This was re- 
peated for the fourth and fifth time, with the same result. The nest 
was in a depression among the water plants. — American Annual of 
Scientijic Dvfcoverg for 1861, p. 335. 

16. Relations of Embryonic Development to Permanent Forms. 
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—At a meeting of the Boston Society of Natural History, Professor 
Agassiz said that he had formerly shewn that, in studying the rela- 
tions of different stages in the embryonic development to permanent 
forms of insects, a better idea of their natural classification could be 
obtained than in any other way ; and he now proposed to shew that 
this view might be still farther carried out, even to the fixing of the 
relative positions of the different families. It had been a question 
whether the diurnal or nocturnal butterflies should stand first in the 
scale. Ho proceeded to show that the different positions and rela- 
tions of the wing in the progress of development of Papilio correspond 
to the permanent conditions of these appendages in the various fami- 
lies of the Lepidoptera, and thence deduced their true position; 
placing, 1st, Papilionid® ; 2d, Hesperidas ; 3d, Sphingidse ; 4th, 
BombycidsB ; 5th, NoctridsB ; 6th, Pyralidce ; 7th, Tineidce. In a 
similar way he indicated the true position of the different types of Ar- 
ticulata, shewing a close analogy between their permanent forms and 
thw transient conditions of an insect, beginning with the Caterpillar, 
which corresponds in type with the Annelidce. By the same test he 
shewed the true position of Millipedes and Spiders ; the former being 
insects with a worm-like form, the latter with the anterior parts 
united into a cephalothorax like the Crustacea, corresponding to the 
pupa condition in type. — American Annual of Scientific Discovery 
for 1861, p. 339. 

16. Doctrine of Specific Organic Centres, — "The actual zoology and 
botany of the earth's surface exhibit several distinct regions, in each 
of which the indigenous animals and plants are, at least as to species, 
and, to a considerable amount, as to genera, different from those of 
other zoological and botanical regions. They are respectively adapted 
to certain conditions of existence, — such as climate, temperature, 
mutual relations, and, no doubt, other circumstances of favourable 
influence which men have not yet discovered, and which never may 
be discovered in the present state. These conditions cannot be 
transferred to other situations. The habitation proper to one descrip- 
tion of vegetable or animal families would be intolerable and speedily 
fatal to others. Even when, as in many parts of the two hemispheres, 
and on the contrary side of the equator, there is apparently a simi- 
larity of climate, we find not an identity, but only an analogy of 
animal and vegetable species.'** 

The opinions expressed in these remarks of a learned and most 
exemplary divine have met with violent opposition from some pre- 
judiced minds ; but the more these views are examined the more 
self evident they become : whence Sir Charles Lyelfs observation, 
that naturalists have been led ** to adopt, very generally, the doctrine 



* Rev. J. Pye Smith. The Relation of the Holy Scriptures and Gkwlogical 
Scieoce, p. 48. 
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of specific centres ; or, in other words, to believe that each species, 
Whether of plant or animal, originated in a single birth place/'* 

De CandoUe has suggested twenty-seven of these independent 
regions for plants, and the Rev. J. S. Henslow forty-five. 

For the inferior animals, D. Prichard, a distinguished Christian 
physiologist and philosopher, proposes seven regions ; Mr Swainson, 
five ; Professor Hitchcock, eleven ; Mr Waterhouse also eleven, but 
with some geographical differences ; and Sir Charles Lyell, Professor 
A^assiz, and many, if not nearly all, of the continental zoologists of 
the present day, are united in sentiment on this principle. How 
gratuitous — how unjust, therefore — ^it is to attempt to brand as in- 
fiSels those who adopt an opinion irresistibly derived from an ex- 
amination of the truths of nature, and which has the sanction aiid 
support of such names as those we have enumerated. 

It is necessary, however, to add, that most of these authorities 
make the human species an exception, and the sole exception to this 
doctrine of independent creations, f — Dr Morton, 

17. The Four Degrees of Hyhridity. — ^Hybridity, whether in 
plants or animals, has been singularly neglectied by naturalists) It 
has generally been regarded as a unit : whereas, its facts are as 
susceptible of classification as any other series of physiological phe- 
nomena. Heiice, I have proposed four degrees of hybridity, which 
I will briefly recapitulate. 

The first degree is that in which the hybrids never reproduce : in 
otner words, where the mixed progeny begins and ends with the 
first cross. 

The second degree is that in which the hybrids are incapable of 
re-producing, inter se, but multiply by union with the piarent 
stock. 

The, third degree is that in which animals of unquestionably dis- 
tinct species produce a progeny which is prolific, inter se. 

The fourth degree is that which takes place between closely 
proximate species — among mankind, for example, and among those 
domestic aiiimals most essential to their wants and happiness.^-I^* 
Morton, 

18. Escplanation of the rapid decrease of the Native Population 
of Polynesia, 8(c, — The/ertitity of hybrid races, originating in the iri- 
termixture of two races whose affinity is most remote,' is a fact of 
which there can be no doubt whatever ; and there is strong reason to 
believe that these hylirid races, the parents of which are Europeans on 
one side, and the aborigines of any country on the other, are gene- 
rally destined to become the dominant population of those countries. 
^6r, on the one hand, these '* half casts'' very commonly combine the 



^(f FrkKSiples of Geology, p. 608. 

t Profes^r Agassiz and Ur Mortoa adopt the opiaion of specific centres in 
the case of man, 
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best attributes of the two races from whose admixture they spramg ; 
namely, the intelligence and mental activity of the European, and the 
climatic adaptation of the native,* and they are also in general dis- 
tingushed for their fertility, when paired with each other, so that 
tney are- rapidly rising into numerical importance. On the other hand, 
this very intermixture, taking place as it usually does between an 
European father and a native mother, tends to diminish the number 
of the native population in a very remarkable manner ; for there is 
now a large amount of evidence, that when a native female of the 
American or Polynesian races has once been impregnated by an 
European male, she thenceforth loses all power of conception from 
intercourse with the male of her own race. This was first pointedly 
stated by that very intelligent traveller, the Count de Strzelecki, who 
has lived much among different races of aborigines, the natives of 
Canada, of the United States, of California, Mexico, the South 
American Republics, the Marquesas, Sandwich, and Society Islands, 
New Zealand, and Australia, and who affirms that in hundreds of 
ccues of this kind into which he has inquired, and of which he pre- 
serves memoranda, there has not been a single exception, f 

As regards Australia and New Zealand, this statement, strange 
as it seems at first sight, has been fully borne out by independent 
evidence ; and it offers the most complete explanation yet given, of 
the very rapid decrease in the native population of the various islands 
of Oceania, in which European races have been long established.**— 
Dr Carpenter. 

19. Feline Hybrids, — ^Dr Buppell ''decided that all our varieties 
of the domestic cat were derived from one species {Felis mantcu- 
lata):' 

Fischer and Schinz, who are among the latest authors on synop- 
tical mammalogy, refer the above species (which is yet wild in Nubi% 
and appears to have been the parent of the common Egyptian house 
cat), and the domestic cat of Europe, to different species ; and 
Fischer further calls the F, maniculata *' the parent of some varieties 
of the domestic cat.^'l 

Temminck, after admitting the Egyptian species as the common 
ancestor of our house cats, adds, that *' it is altogether probable 
that the crossing of the Egyptian race with the wild one of our 
forests may have given rise to an intermediate breed,"" but which, 
he adds, it would be impossible to prove by demonstrable evidence. 
Again, '* It appears to me probable that our house cats are derived 
from Egypt ; but that the original race of Russia, known by the 



* This is well seen in the case of the descendants of the mutineers of the 
Bounty and of Tahitian women, who now occupy Pitcairn's Island. 

t See the Count de Strzelecki's Physical Description of New South Wales 
and Van Diemen's Land, p. 345-347. 

X Synop. Mamm., p. 207. — *^ Non duhinm hanc speciem esse matrem varita- 
tatum quarundam Felis domesticsB." 
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name of the Angora Cat {F. Angorensis)^ has been produced from 
another wild type, yet unknown, and inhabiting the northern regions 
of Asia."* 

Now, it is this Angora cat which resembles so closely the Persian 
and Chartreuse cats, that there is little or no difference between 
them, except that of colour : and, since the interbreed with the com- 
mon cat, we are able to explain much of the variety observable b 
the cats of Europe and Asia. 

Milne Edwards and the learned editors of the new Faune Fran' 
paise still insist on the identity of the wild-cat of Europe and the 
domestic animal ; and should this view of the case ever be substan- 
I tiated, we shall have to admit at least three wild species for the source 

I of our familiar variety, — Felis angorensisy F, catus^ and F^ mani^ 

culata. But the difficulty does not end here ; M. Blainville states, 
that, among the numerous series bf cat mummies brought from Egypt 
by the French commission, he has identified not only the F. mani- 
culata, but also the F. chaus and the F. bubastis, — all indigenous 
African species, and all reduced, in ancient times, to. the domesti-^^ 
cated state. And I was the more gratified at this discovery, because 
I had already observed, in the Chevalier Bunsen's Hieroglyphic Al- 
phabet, three diferent eats^ each possessing a different symbolic value, 
I do not pretend to have any evidence of hybrid crosses between 
these animals ; but these and other facts shew us that we may yet 
"^ have td modify some of our zoological impressions from a study of the 
catacombs and monuments of Egypt.f — Dr Morton, 

20. Description of a new Species of Filaria, By Joseph Leidt/* 
— -1. Filaria Hominis arts. — Body white, opaque, linear, thread- 
like ; mouth round, simple ; posterior extremity obtuse, furnished 
with a short, curved, epiderm^ booklet l-500th inch in length by 
1-2 000th inch in diameter at base. Length 6 inches 7 lines; 
greatest breadth 1-6 6th inch; breadth at mouth 1 -250th inch; at 
posterior extremity l-80th inch. 

Remarks. — The description is taken from a single specimen pre- 
served in alcohol, in the collection of the Academy, labelled, ** ob* 
tained from the mouth of a child." 

Is it a young individual, or perhaps a male of the FiTaria medin" 
ensis, or Guinea worm ! The latter, as is well known, infests the 
human body, often growing to an enormous length, several yards or 
more, in the intertropics of Asia and Africa. It is frequently brought 
in the body of negro slaves from Africa to America, where no ento* 

* Mammftlogie, T. p. 78. 

t The FdU chatts is now spread from Nubia and Egypt to India, thus ex- 
tending itself into Asia, as the F. manlctdata has in Europe. *^ It is possible," 
observes Schinz, " that the domestic cat has had several origins, because it gives 
pise to several constant varieties.*' — Synopsis Mammalium, i, p. 453. Nor 
have I a doubt that this will be the established result of further inypptigation. 
— Morton, 
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soon of the kind has ever been noticed to be parasitic in man as as 
indigenous production. From some late observations on the course 
of life of entozoa, helminthologists have been led to suspect that 
most, and probably all entozoa pass different stages of their exists* 
ence in different animals. If such be the fact, may the Filaria 
medinensis not owe its introduction into the human body, from th9 
custom which prevails in those countries where the worm is found, 
of using insect food ? Insects are well known to be infested with 
FilarisB, probably more than any other class of animals. In Egypt, 
Arabia, &c., the locust is eaten ; in Guinea, &c., the larger eoleop-^ 
tera, in the raw state ; and in this condition Filaria may often be 
swallowed, and reach a higher development of their existence in the 
human body. — Froeeed. Acad. Nat. Science of Philadelphia, voL v.. 
No. 6, p. 117. 

> BOTAKT. 

21. Marine Flora of the United States, — At the American 
Association, Charleston, S. C, Professor Harvey of Dublin stated, 
that there exists a greater degree of similarity in the Marine Flora 
of the two sides of the Atlantic than in their marine Fauna, from 
the facility with which the spores of the Algae may be transported 
to a great distance by natural agencies. But, from the size of the 
isothermal lines on the European side, the species of low latitudes in 
America are similar to those of higher latitudes in Europe ; those 
of Key West, for instance, in lat. 24°, are similar to those of the 
Mediterranean. It is not yet possible to mark out with precision 
the geographical distribution of Algae along the coast, but differ- 
ences may be perceived in the Marine Flora of the region north of 
Cape Cod, that of Long Island Sound, that of Charleston Harbour, 
and that of Key West. 

22. California Soap-Plant — ^The Soap-Plant, so called, growa 
all over California, on high hills as well as in the valleys. The 
leaves make their appearance about the middle of November, or 
about six weeks after the rainy season has fairly set in. The plants 
never grow more than one foot high, and the leaves and stalks drop 
off entirely in May, though the bulbs remain in the ground all 
summer without decaying. It is used to wash with in all parts of 
the country, and by those who know its virtues it is preferred to the 
best of soap. The method of using it is merely to strip off the husk, 
dip the clothes in water, and rub the bulb on them ; it makes a thick 
lather, and smells not unlike new brown soap. The botanical name 
of the plant is Fhdlangium pomaridiamim. Besides this plant, the 
bark of a tree, Chelaria saponaria, is also used in South America 
for the purposes of washing. Several other plants have been used in 
various countries as a substitute for soap. AH of these contain con- 
siderable quantities of oleaginous and alkaline principles in their 
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composition, on which their value depends. — Proceedings of the 
Boston Society of Natural History. 

23. Coffee. — The principal kinds of coffee are the Mocha, or 
Turkey coffee, Jamaica, St Domingo, Cuba, Porto Rico, Demerara, 
Bourbon, Martinico, and Hajti. All species of coffee improve by 
keeping ; it is in the best condition when two or three years old. 
Good coffee should not have the slightest odour of mouldiness, or any 
other odour, for the berries of coffee absorb most readily the effluvia 
from other bodies, and thus acquire an unpleasant flavour. Many 
cargoes have been spoiled from having been shipped with, or eVen 
pat into, vessels which had previously been frighted with sugar. A 
few bags of pepper are sufficient to spoil a whole ship load of coffee. 
Coffee, even that of the very best quality, and in the best condition, 
may be impaired by improper roasting, which operation is one of some 
nicety, and seldom well performed. If roasted too little, the aroma 
will not be fully developed, and the best coffee may then yield a 
vapid and effete infusion of an unripe flavour ; if roasted too much, 
the aroma is dissipated, and the infusion will have a bitter flat taste. 
After having been roasted to the proper degree, it should be emptied 
whilst hot into wooden boxes, furnished with sound, well fitting covers, 
and it should be kept there until cold and not cooled in the open 
air ; if roasted in small quantities, it may be emptied into a sheet of 
brown paper, and the whole wrapped up in flannel until cold. 
Roasted coffee should be preserved in well closed and perfectly dry 
vessels. The berries, when properiy roasted, are of a full rich broWn 
colour, bright and oily superficially. No article is probably adul- 
terated to a greater extent than ground coffee; and it is always better 
for the consumer to have his coffee ground at home rather than run 
the risk of drinking an infusion of chicory, ground beans and peas, 
ochre, brick-dust, &c. Ground coffee, in addition, even if genuine; 
soon loses its aroma by keeping. — American Annual of Scientific 
Discovery for 1851. 

24. Atmospheric Dissemination of Algous Plants. — ^The follow- 
ing observations on the atmospheric dissemination of Algous plants 
were made by Dr Burnett at a meeting of the Boston Society of 
Natural History in July : — «" The occurrence of minute algae and* 
spores in liquids and infusions, under circumstances rendering it 
impossible that they could have been introduced from without, is a 
fact constantly falling under the eye of the microscopical observer.' 
These facts, viewed in different relations, have served in some hands 
as arguments for the doctrine of equivocal generation ; and, in others, 
as the groundwork for theories as to the true cause of miasmatic 
diseases. While making some experiments upon diabetic urine (the* 
abundant presence in which the common ferment alga, Torula cere" 
visia, is well known), I was surprised to find all the common 
liquids in its neighbourhood pervaded by the name alga, and parti- 
cularly those exhibiting any tendency to decomposition. This led 
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me to think that the dissemination of this minute plant took place 
bj the medium of the atmosphere, which was fViU ol' its spores. Some 
experiments with air tight, and partially covered vessels of liquid, 
plsiced near the original source, shewed this to be true; and even 
now, several weeks after its occurrence, the atmosphere of the room 
seems to have retained many of the spores ; for liquids placed as before 
soon contain many of the plants. I state this fact because I think an 
undue share of importance has been attached to the presence of fungi 
and algae in various localities, and especially as their being* the 
cause of various cbincident phenomena ; whereas, viewed in another 
light, their presence may, in most instances, be considered accidental, 
in the ordinary acceptation of the word." 

Dr G. T. Jackson alluded to experiments made of passing the air 
containing these fungi through concentrated sulphuric acid ; no infu- 
soria were found in vessels to which air could only gain admittance 
to a vegetable infusion through the medium, while they were abun- 
dantly found in infusions to which air had free access. These results 
confirmed Dr B.*s statement. 

26. Vegetable Phyeiology, — ^M.M^ Cloes atid Gratiolet, operated 
in their experiments upon aquatic plants, as different species of 
Potamogeton, Naias, Ceratophyllum, Myriophyllum, and Confervas. 
The following are some of the results, — 

a. Influence of Light, -^ThQ disengagement of oxyge^ from the 
green parts of the plants is very rapid in full solar light, insensible 
in diffuse light, and null in darkness, and in the last condition no 
carbonic acid is disengaged, contrary to an old opinion, but now for 
-some years correctly understood. With glass of different colours, 
the effect was greatest with colourless glass, and diminished in the 
order, red, green, blue. 

b* Influence of Temperature, — The descoinposition of carbonic 
acid by aquatic plants exposed to light under temperature of + 4^ 
C, does not commence until the temperature is raised to 15^ C, 
and has its maximum at 30^ 0. ; and if the plants are in a tempera* 
ture of 30^ C, then on its reduction, actiop continues even to 10^ 
G. This result corresponds with Ghevreul's on the circulation and 
ascension of the sap. of plants. . . 

c. Influence of the Composition of the surrounding Waters* — ^In 
river water deprived of air by ebullition, and containing only car* 
bonic acid in the same proportion as ,the waters of the Seine, the 
water being frequently renewed, the decomposition is at first active, 
but afterwiurds diminishes and ceases after four or five days ; and by 
this time the green colour of the plant has become paler. At first 
the gas produced is mixed with some nitrogen, the quantity of which 
goes on diminishing, so that when the decomposition ceases, the air dis^ 
engaged is almost wholly pure oxygen. The total volume of the nitro- 
gen disengaged is much more considerable than the volume of the plant, 
and on submitting this plant to elementary uialysis, it is found that 
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for equal weights it contains much less nitrogen than a portion of the 
same plant not subjected to the experiment. The facts shew that 
in the act of growth in submerged plants, nitrogen proceeds from the 
decomposition of the elements themselves of the plants ; that conse- 
quently a re-supplj is necessary and consequently nitrogen free is 
combined is essential to the life of the plant. In the experiments 
instituted by Cloes and Gratiolet, a tenth-thousandth of ammoniacal 
salts dissolved in water always proved injurious. The decomposition 
of carbonic acid diminished and ceased after some hours ; whence the 
conclusion that the plant assimilates directly nitrogen in solution in 
water. They have also found that whatever may be the position of 
the leaves of Potamogeton in the water, carbonate of lime is decom- 
posed by the superior surface of the leaves and never by the inferior. 
They have also ascertained that the oxygen produced by the decom- 
position of the carbonic acid has a definite course — that it descends 
invariably from the leaves towards the roots. Thus, when a stem of 
a Potamogeton is placed horizontally in water, the emission of the 
gas always takes place by the section nearest the root end of the 
plant. — V Institute No, 878. 

MISCELLANEOUS. 

26. Writing in a Native Negro Character, — ^Lieutenant Forbes, 
B.N., while employed in suppressing the Slave Trade on the western 
coast of Africa, found at Bohmar, a town eight miles east of Cape 
Mount, near Liberia, inscriptions and writings in a native African 
character, which he soon ascertained to be the invention of, and in 
use among, the negroes called F<et, or Vahie. It is said to have been 
adopted only about thirty years ago, but was soon extensively taught 
in their schools. It is syllabic, or represents syllables, not letters ; 
and the number of symbols is said to be about 200, which are 
variously combiued. The Vei language is spoken in the country 
to 300 or 400 miles east of Sierra Leone. The written character 
was in such general use, that at Bandakoro, their capital, there 
was scarcely an adult male who could not read and write it. But of 
late, the jealousy of the Spaniards at Gallinas had induced them to 
try every means of prevailing on the natives to suppress its use. 
Specimens of this character are given in vol. xx. of the Journal of 
the Royal Geographical Society, 

27. Foreign Ice, — Importations of entire cargoes of ice continue 
to take place from the north of Europe to an extraordinary extent. 
Some idea may be formed of their amount when we state that the 
importations from Norway, during the past month, have exceeded 
16,000 tons weight of the article, whereas the supplies of the last 
and previous year each amounted in ail to about 1000 tons only for a 
corresponding period. 

28. Cochineal. — Within a comparatively few years, the culture and 
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growth of the cochineal insect has been introduced, and so success- 
fully carried out in various parts of the Old World, that the 
quantity yearly produced now rivals the whole amount obtained 
from Central America. In 1831 the culture of the cochineal 
was commenced in the Canary Islands, and the first crop 
consisted of only 8 pounds; in 1832, it was 120 pounds; in 
1833 it had risen to 1319 ; and in 1849, we learn by a late 
official document, the enormous quantity of 800,000 pounds 
was exported from these islands, the greater part of which was 
sent to England and France. In 1845, the quantity of cochineal 
produced in Java, under the patronage of the Dutch government, 
amounted to 46,000 pounds. Under the auspices of the French 
government, plantations have been commenced in Algeria, which 
promise to succeed admirably. Some specimens already exported 
have been pronounced to be superior to the finest qualities from 
Mexico. Soils unfit for the cultivation of the vine or potato readily 
support the cactus, on which the cochineal insect feeds, while the 
insect can be more readily raised than the silk worm, and with less 
chance of loss. — American Annual of Scientific Discovery, for 1861 , 
p. 210. 

29. The Life of a Wandering Naturalist, — ** No pleasanter recol- 
lection," says Dr Wagner, ** has remained to me from my ten years' 
travel than that of the wandering life, like that of a trapper in the 
wilds of Canada, which I led for three successive summers in the 
primeval forests of Georgia and Colchis, through the green groves 
of the Bythinian Olympus, in the Taurian Steppes and the Alpine 
regions of the Caucasus. Nowhere could this nomadic existence be 
more beautiful and full of enjoyment than in Trans Caucasia. The 
crane does not sail more rejoicingly through the fields of air, the 
dolphin does not gambol more unrestrained and free within his 
watery domain, than we did on the verdant declivities of the Pam- 
bat mountains, in the solitude of the immeasurable woods of Gambor, 
on the sunny pastures of Ossetia, where, wandering and bivouacking 
for days and weeks together, we scarcely saw a human face. At no 
time of my life did I possess fewer conveniences, at no time had so 
little intercourse with cultivated society, yet never did I feel myself 
freer, happier, more light-hearted, than during those strolling gipsy 
days, in which, as hunters, geologists, botanists, entomologists, we 
made our pilgrimage through these unknown regions, stopping 
wherever the beauty of the country, or the rich booty it promised, 
tempted us to linger. 

** The faithful Hungarian Istwan, and the grumbling old Cossack 
Wassily were my companions in these excursions : and subsequently 
I took a Pole named John Saremba, and occasionally natives, into 
my service. The Cossack led the horse that I employed in carrying 
my burka, the blankets, the cooking utensils, and the necessary 
scientific apparatus. The young Magyar, who was an active moun- 
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taineer and a .^ealo^qs^^U^ctor, a.s ,w6ll as a mo8t.thorougl^ly honest 
fellow,, marched with me in front. We carried guns and .pistols : 
hut often, wbe;n no near danger waa to he feared, we deposited th^se on 
the p£^k-horse, and contented ourselves with the two-edged kihslial, 
of excellent I^esqhian steel, iifhich, besides heing an effective, weapon 
against bears or robbers, was very useful in cutting our way throu|;n 
the net-like entanglements of the creeping plants, and in splitting 
wood for our fire. 

*' 4^8 soon as yi,e had reach^ an open spot in the forest, covered 
with grass, and surrounded bj such a wall of trees and bushes, t^at 
even tl^e.fiame of oitr watch-fire could be scarcely perceived 1}y a 
wandering Tartar, — where there was good water to drink, and the 
physiognomy of the woods wjw of the kind to promise good sport, 
as well ^ a rich zoological and botanical booty, we made a halt. 
The burka, the blankets, the cooking utensils, and the instruments 
were laid upon the grass, aloqg with our, little store of rice, biscuit, 
tea, sugar, and rum. 

'' The Cossack looked after the horse ; the Hungarian split wood, 
or plucked birds ; I arranged my collections, and prepared plants 
and insects. Soon a bright flame rose, merrily up, and a cup o^ tea 
with rum operated as powerfully as the magic drink prepared by the 
ancient sorceress, the friend of Mephistophiles. An enlivening 
vapour penetrated the nerves; the muscles and sinews acquired a 
new elastic power, and in the silent devotion of the forest and the 
tea-pot, we blessed the pigtails of the good Chinese, who had with 
such benevolent patience cultivated the plant, and permitted us who 
had taken no share in the labour to participate in the t)ivine enjoy- 
ment of the produce. After this refreshment we plunged with re- 
newed spirit, and armed with glass and net, into the mysteries of the 
forest. Grumbling old Wassily, a true * steppe-devil,* of the past 
generation — ^whom I had vainly endeavoured to inspire with a zeal 
for collecting — was. Ipft behind to boil the rice soup, prepare the 
pilau, and watch ov^r horse and baggage. It was superfluous to re- 
commend vigilance, for his own property was at stake — his beloved 
long-haired, thick-legged, raw-boned steed, which he tended with a 
loving care, and treated with as much respect as Sancho Panza his 
darling dapple. 

" Those who have not themselves any experience in the life of a 
wandering naturalist,, can scarcely estimate its various and manifop 
joys and sorrows. They will be apt to think too much of .its priyap 
tions, trouble, and dangers, in comparison with its enjoyments. The 
German reader, sitting quietly at home, imagines the primeval forest 
of Trans-Caucasia thickly peopled with beasts of prey and lurking 
robbers; the charm of a night passed on a bed of fragrant herbs, 
beneath the shade of a mighty plantain or laurel, is broken in. his 
mind by the thought of a viper coiled beneath the flowers, or of a 
scorpion, or tarantula, with tail and sting erect, crawling over the 
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body of the sleeper ; and then the wolves and the bears^ and the 
wild inhabitants of forest and mountaiii, who regard the tri^veller as 
a victim delivered into their hands by God : — and should he escape 
those perils, t^e wilderness, the pathless wood, where no friendly 
signpost poiiits the way by which the traveller may return to bis 
caravan, or reach a hospital hut ! All these inconveniences really 
exist; but nearness and habit diminish their terrors, .as they do 
those of most scarecrows of this world, of which,, while they are yet 
distant, imagination magnifies the dimensions — ^as the veteran 
soldier, does not suffer his tranquillity to be disturbed by the whist-- 
ling of a wandering bullet or two,, when he is lying by his watchfire 
quietly consuming his rations, or enjoying his glass, but laughs, at 
the leaden messenger of death, since he knows by experience , that 
for one thfit reaches its mark a hundred go. astray, so the hunter 
and nomadic naturalist, in his wanderings through forest, and steppe, 
and mountains, must at once set down whatever perils may attend 
him among daily occurrences, and they will lose their strangeness, 
and leave only enough of what is terrible, to make them serve as a 
spice to his ordinary employment, and as a protection against the 
ennui which more or less, attends every laborious and monotonous 
occupation. The camping-places which I chose in , the forests of 
Gambora (north-eapt from Tiflis), were usually in the neighbourhood 
of one of those streams, which flow down dark mountain ravines into 
the valleys, and by their gushing and murmuring, their rushing and 
roaring, continually make known their presence, even where, the 
closeness of the vegetation conceals them from the eye of the thirsty 
wanderer. Such a mountain torrent was cqmmonly the ariadne 
thread by which, when the ardour of the chase or of our natural- 
ist zeal had carried us far away, we contrived to find our way back 
to our resting-place. 

** We generally dispersed singly about the woods, in order to ob- 
tain a richer booty, and accident would lead the one or. the other to 
a place where the lightness of the wood, the rich soil, the due pro- 
portion of heat and moisture, had drawn from the earth so magnifi- 
cent a vegetation — where there was such glorious botanising, such 
rare butterflies, Hyraenoptera, and Diptera, hovering about the 
flowers, where the Orthoptera in their most gaily decorated ball- 
dresses, were dancing the polka — where the insect-eating birds were 
flying about in search of their prey, and the falcons, with similar in- 
tent, keeping watch over them ; and from beneath the rotting 
branches and trunks of fallen trees, the most exquisite scarabei re- 
warded the zeal of the seeker. Did our enthusiasm carry us too far 
from the aforesaid ariadne thread into solitary regions, where there 
was nothing to be seen but green above, green below, green around 
in every direction ; whefe the numerous turnings, rendered necessary 
by the thickness of the underwood, had completely bewildered us, 
and there were no marks hewn by the kinshal on the boughs of 
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trees to serve us as guides ; then, indeed, the compass had to serve, 
though even with its help, one migKt wander days and nights in 
this woodland labyrinth, vainly seeking an outlet. There was still, 
however, one resource, if all the above methods failed in determining 
the direction of the camp— you could fire your piece until the waves 
of sound reached it, and brought a thundering answer, which mostly 
enabled you to find the right course. 

" Losing oneself in the woods, however, has in it nothing so very 
terrible, except for the mere novice. Whoever is accustomed to 
these green alleys— for whom the moss has for a hundred times 
served as a bed, and the gnarled branches of the oak have formed 
a canopy — ^to whom the possession of a good weapon and a sure 
hand gives even in this wilderness the tranquillising conviction that 
he cannot starve, at least as long as his powder and lead hold oat — 
to him the thought of remaining even for weeks if necessary, separated 
from his companions in the woody labyrinth, will not be too mnch 
<cast down. 

** Our three summer's wanderings gave us ample opportunities for 
the observation of all the spectacles of nature ; the meteoric pheno- 
mena of the alpine heights of Ossetia; the phantom armies of 
figures formed dut of the mists and clouds ; the terrible sublimity 
of a storm on Ararat ; the glaciers of the Kasbeck, with its stone 
avalandies ; the variety of vegetation that changes its character in 
eveij region, or the habits of life of the animals that have their 
abode in the high mountains, from the bearded Gypsetos, sailing 
in majestic tranquil flight over the snowy top of Ararat, gazing down 
upon it with a piercing glance, to the little humming Hymenoptera, 
or Diptera, whom a. gust of wind, or some inexplicable impulse of 
insect curiosity, often carries up above the limit of the scantiest 
vegetation. * Still more, however, did we delight in the woodland scenes 
exhibited by sun or moonlight, when we had deposited whatever we 
had collected in safety in our own camp, arranged and packed with 
due care any thing rare and precious, eaten with good appetite our 
rice and venison, and then lay down on the herby carpet of the 
forest to enjoy a siesta, or listen to the movements of animal life 
around us ; taking care, however, to have our guns ready, that we 
might loose no opportunity of enriching our ambulatory larder." — 
Beise nach Colchis und nach den Deutchen^ Coloniens jenseits des 
Kaukasw, von Morite Wagner^ Ldpsig, 1860. — Westminster Re- 
view. 
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List of Patents granted for Scotland from VI th March to 
IQth June 1851. 

1. To William Eccles, of Walton le Dale, in the county of Lan- 
caster, cotton-spinner, ** certain improvements in looms for weaving." — 
17th March 1851. 6 months. 

2. To Edwabd Lloyd, of Dee Valley, in* the county of Merioneth, 
North Wales, engineer, ** certain improvements in steam-engines, which 
improvements are in part or on the whole applicable to other motive 
power." — 17th March 1851. 4 months. 

3. To RicHABD Archibald Jbooman, of the firm of J. C. Robertson 
and Company, of 166 Fleet Street, in the city of London, patent agents, 
" improvements in purifying water, and preparing it for engineering, 
manufacturing, and domestic purposes ;" being a communication. — 17th 
March 1851. 6 months. 

4. To Herbebt Taylor, of No. 46 Cross Street, Finsbury, in the 
county of Middlesex, merchant, '* certain improvements in the manufac- 
ture of carbonates and oxides of barytes and strontia, sulphur or sulphu- 
ric acid from the sulphates of barytes and strontia, and for consequent 
improvements in the manufacture of carbonates and oxides of soda and 
potassa;" being a communication. — 19th March 1851. 6 months. 

5. To David Davies, of Wigmore Street, Cavendish Square, in the 
county of Middlesex, coachmaker, " certain improvements in the con- 
struction of wheel-carriages, and in appendages thereto." — 24th March 
1851. 4 months. 

6. To Thomas Chables Xavieb de Colmab, Chevalier de la Legion 
d^Honneur, of Paris, in France, " an improved calculating machine, 
which he calls Arithmometer." — 25th March 1851. 4 months. 

7. To William Milner, of Liverpool, in the county of Lancaster, 
patent safe and safety-box manufacturer, '^ certain improvements in 
safes, boxes, or other depositories for the protection of papers or other 
materials from fire." — 26th March 1851. 6 months. 

. 8. To John Stephens, of the Albynes, in the parish of Astley, Abbots, 
in the county of Salop, gentleman, *' certain improvements in thrashing* 
machinery." — 28th March 1851. 6 months. 

9. To James Cheetham, the younger, of Chadderton, near Oldham, in 
the county of Lancaster, manufacturer, '' certain improvements in the 
manufacture of bleached, coloured, or parti-coloured threads or yams." 
—2d April 1851. 6 months. 

10. To William Boggett, of St Martin's Lane, in the county of 
Middlesex, gentleman, and William Smith, of Margaret Street, in the 
said county, engineer, '* improvements in producing and applying heat, 
lighting, and in engines to be worked by steam or other elastic fluid, 
which engines are also applicable as pumps." — 3d April 1851. 6 
months. 
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11. James Black, of Edinburgh, macliine maker, ''a machine for 
folding ;" being a communication.— 3d April 1851. 6 months. 

12. Henry Duncan Preston Cunningham, of Bury, in the county of 
Hants, paymaster and purser in the royal navy, " improvements in reef- 
ing sails.*! — 4th April 1851. 6 months. 

13. James Hamilton Browne, of the Reform Club, Pall Mall, in the 
. county of Middlesex, Esq., " improvements in the separation and disin^ 

fection of fecal matters, in the purification of gas, in the preservation of 
animal matters, and in the apparatus employed therein." — 9th April 
1851. 6 months. 

14. Thomas Greaves Barlow, of 32 Bucklersbury, in the city of 
London, civil and consulting gas engineer, and Samuel Gore, of Park 
Road, Old Kent Road, in the county of Surrey, engineer, '* improvements 
in the treatment of certain substances used in the production of gas for 
giving light and heat, and of some of the products of the said substaiioes, 
as' also in the apparatus employed in the manufacture of such gas, and 
in discharging and giving motion to gas." — 9th April 1851. 6 months. 

15. To William Galloway and John Galloway, of Manchester, in 
the county of Lancaster, engineers, " improvements m steam-^enginea and 
boilers."— 14th}April 1851. 6 months. 

16. To Samuel Holt, of Stockport, in the county of Chester, man- 
ager, " certain improvements in the manufacture of textile fabrics." — 
14th April 1851. 6 months. 

17. To David Christie, of No. 3 Saint John's Place, Broughton, in 
the burgh of Salford and county of Lancaster, merchant, " improvements 
in machinery or apparatus for preparing, carding, spinning, doubling, 
twisting, weaving, and knitting cotton, wool, and other fibrous sub- 
stances ; also for sewing and packiiig ;" being a oommunication.-r— 14th 
April 1851. 4 months. 

18. To John James Greenough, now residing in Washington in the 
United States of America, " improvements in obtaining and applying 
motive power;" being a communication. — 14th April 1851. 6 montiia* 

19. To Benjamin Guy Babington, of George Street, Hanover Square, 
in the county of Middlesex, doctor of medicine, ** improvements in pre- 
venting incrustation of steam and other boilers."-r-16th April 1851. 
6 months. 

20. To Thomas Hill, residing at Langside Cottage, near Glasgow, 
in the county of Renfrew, Scotland, Esquire, " certain imittpvements in 
wrought iron or malleable iron railway chairs, and in the machinery or 
apparatus employed for producing the same ;" being a con^mmdeatioaBi. — 
17th April 1851. 6 months. 

21. To Henry Bessemer, of Baxter House, Old gt Pai»cwfl Road, in 
tbe county of Middlesex, engineer, " improvements in the manvfndvis 
and refining of sugar, and in machinery or apparatus used in pnodja^i^g 
a vacuum in such manufactures, and which last improvements ar^ als9 
ptherwise applicable for iBxhausting and forciug fluids." — 17ft AprU 
1851. 6 months. 
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22. To Thomas Haimes and John Webster -Tancock, of Melboiime, 
in thQ county of Derby, manufacturers ; Albert Thornton of the san^ie 
place, and James Thornton, of Leicester, mechanics, '' improvements in 
the manufacture of Imit and looped fabrics, and for raising pile thereon/' 
—28th April 1851. 6 months. 

23. To Gaetan Hossovitch, of Middleton Square, in the county of 
Middlesex, gentleman, *' improvements in rotatory steam ongines '" being 
a communication. — 29th April 1851. 6 months. 

24. To Hugh Barclay, of Regent Street, in the county of Middlesex, 
" improvements in the means of extracting or separating fatty and oily 
matters in refining and bleaching fatty matters and oils, animal and 
vegetable wax and resins, and in the manufacture of candles and soap ;'' 
being a communication. — 30th April 1851. 6 months. 

25. To Edmund Morewood, of Enfield, in the county of Middlesex, 
gentleman, and Georqe Rogers, of the same place, gentleman, '* im- 
provements in the manufacture of metals, and in coating or covering 
metals."— 30th April 1851. 6 months. 

2Q. To John Borland, of Norfolk Street, Strand, in the county of 
Middlesex, engineer, " certain improvem^its in weaving nuKJhinery.*' — 
30th April 1851. 6 months. 

27. To Thomas Beale Browne, of Hampen, near Andoversford, in 
the county of Gloucester, gentleman, " improvements in weaving and 
preparing fibrous materials, and staining orprinting fabrics ;" being a 
communication. — 1st May 1851. 6 months. 

28. To Samuel Jacobs, of Highgate, Kendall, in the county of West- 
moreland, cabinet-maker, " certain improvements in printing on woollen, 
cotton, paper, and other substances, parts of which improvements are 
applicable also to the purposes of colouring, shading, tinting, or varnish- 
ing such substfmces.'' — 2d May 1851. 4 months. 

29. To Charles Isles, of Bordesley Works, Birmingham, in the 
counl^ of Warwick, machinist, ^' improvements in manufacturing picture- 
frames, ink-stands, and other articles in dies or moulds, also in pro- 
ducing ornamental surfaces." — 5th May 1851. 6 months. 

30. To Francois Marcellin Aristide Dumont, of Paris, in the Re- 
public of France, engineer, '' improved means and electric apparatus for 
transmitting intelligence." — 9th May 1851. 4 months. 

31. To John Alexander Lekow, of Boston, in the United States of 
America, gentleman, '* certain improvements in sewing machines."-** 
9tb May 1851. 4 months. 

32* To Henrt Wimshu^t, of Limehouse, in the county of Middlesex, 
shipbuilder *' improvements in steam-engines in propelHng« and in the 
poj^stmction of ships and vessels." — 12th May 1851. 6 months. 

33. Henrt W. Adams, of Boston, in the county of Suffolk and State 
of Massachusetts, of the United States of North America, *^ an imfaroved 
means of generating galvanic electricity, of decomposing water or various 
electrotytes, of collecting hydrogen, of burning it or atmospheric air 
separately or in combination." — 14th May 1851. 4 months. 
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34. To John Gwynne, of Lansdown Lodge, Notting Hills, in the 
county of Middlesex, merchant, " improvements in machinery for pump- 
ing, forcing, and exhausting of steam, fluids, and gases, and in the 
adaptation thereof to producing motion to the saturation, separation, and 
decomposition of substances ;" being a communication. — 28th May 1851. 
4 months. 

35. To Charles Hardy, of Low Moor, in the county of York, en- 
gineer, ** certain improvements in the manufacture of scythes ;" being a 
communication 30th May 1851. 4 months. 

36. To William Geddes, of Glasgow, in the county of Lanark, 
North Britain, dyer, " certain improvements in the production of orna- 
mental fabrics.'' — 6th June. 4 months. 

37. To John M'Nab, of Midtownfield, in the county of Renfrew, 
North Britain, bleacher, " certain improvements in stretching and dry- 
ing textile fabrics or materials, and in the machinery or apparatus em- 
ployed therein." — 16th June 1851. 6 months. 

38. To Isaac Hazlehurst, of Marton, in the parish of Dalton, in the 
county of Lancaster, steel refiner, '* certain improvements in the manu- 
facture of iron." — 16th June 1851. 6 months. 

39. To Frederick Grace Calvert, of Manchester, in the county of 
Lancaster, professor of chemistry and analytical chemist, " a new applica- 
tion of certain fluids for manufacturing extracts applicable to the pro- 
cesses of dyeing, printing, and tannings and in the apparatus connected 
therewith."~18th June 1851. 6 months. 

40. To William Beadon junior, of Taunton, in the county of Somerset, 
gentleman, " improvements applicable to the roofing of houses, buildings, 
and other structures." — 19th June 1851. 6 months. 

41. To James Hartley, of Sunderland, '* improvements in the manu- 
facture of glass." — 19th June 1851. 6 months. 

42. To George Robins Booth, of London, engineer, " improvements 
-in the manufacture of gas." — 19th June 1851. 6 months. 

43. To Henry Craven Baildon, of Edinburgh, Scotland, chemist, 
" improvements in writing, printing, or marking letters, characters, or 
figures, upon paper, parchment, or other material properly prepared for 
that purpose." — 19th June 1851. 6 months. 

44. To Christopher Nickels, of York Hoad, Lambeth, in the county 
of Surrey, gentleman, ^' improvements in the manufacture of wooUen and 
other fabrics." — 19th June 1851. 6 months. 

45. To Alexis Delemer, of RadclifFe, in the county of Lancaster, 
civil engineer and mechanist, " certain improvements in the application 
of colouring matter to linens, cottons, silks, woollens, and other fabrics, 
and to linen, cotton, silk, woollen, and other weft, and also in machinery 
or apparatus for those purposes." — 19th June 1851. 4 months. 
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The Theory of the Successive Geological Development of Plants, 
from the earliest, periods to our onm time, as deduced from 
Palceofitological evidence, 

HAViKa already laid before our readers Sir Charles Ly ell's 
view in regard to the geological distribution of Fossil Animals, 
we now add his observations on the geological distribution of 
Fossil Plants. 

In his introductory discourse he makes the following state- 
ment : — If we consider the question of successive geological 
development from* a botanical point of view, we find that 
naturalists are by no means agreed as to the eitistence of an 
ascending scale of organization in the vegetable world cor- 
responding to that which is very generally recognized in ani- 
mals. " From the sponge to man," to borrow the words of 
De Blainville, there is a progressive chain of being, often 
broken, it is true, and imperfect, and in which some whole 
genera or families seem to have no natural place. But if we 
seek to classify plants according to a linear arrangement, 
ascending gradually from the lichen to the lily or the rose, 
we encounter incomparably greater difficulties. Yet the 
doctrine of a more highly-developed organization in the plants 
created at successive periods presupposes the admission of 
such a graduated scale. 

There can, however, be no dispute that the cryptogamous 
plants are the least perfect, a class to which the marine 
vegetation almost entirely belongs. The sea, it is true, pro- 
duces some flowering plants, such as Zostera and Caulinia, 
but they are among the least-developed of the phaenogamous 

VOL. LI. NO. CII. — OCTOBER 1851. P 

Digitized by VjOOQIC 



214 Successive Geological Development. 

tribe. If then the oldest fossiliferous strata, the Silurian 
and the greater part of the Devonian, contain exclusiyely 
marine pb.nts, we may attribute the low scale of their organi- 
zation to the pelagic nature of the deposits, and our not 
having yet found the deltas of the then existing rivers into 
which we might expect land plants to have been drifted. 
Even the lacustrine genera of plants which are truly sub- 
aqueous, such as Chara and Potamogeton, are commonly re- 
garded by botanists as holding an inferior rank to the great 
mass of the phsBuogamous vegetation of the land, — a circum- 
stance not to be lost sight of, when we are considering the 
scale of organization in relation to geological epochs. 

By far the greater number of the land plants hitherto re- 
ferred to the Devonian strata on the continent of Europe, 
especially those in France, in the department of La Sarthe, 
and various parts of Brittany, have been lately shewn (in 
1850) by M. de Vemeuil to belong to the carboniferous series. 
The same may be said of the species of Lepidodendron^ Knor- 
ria, Calamite, Sagenaria, and other genera recently figured 
by M. F. A. Roemer from the formation called Gruuwacke a 
Posidonomyes in the Hartz. We may treat therefore of the 
flora of the coal-measures as the first or oldest known to us, 
from which we can gain a true insight into the terrestrial 
vegetation of the palseozoic epoch. More than 700 plants/ 
have been enumerated by some botanists as belonging to the 
carboniferous strata ; and M. Adolphe Brongniart, after con- 
siderably reducing the number of species, in consequence of 
many having been founded on the leaves, stems, and fruit of 
one and the same plant, still reckons at least 500 species, one 
half of which are ferns. The greater part of the remainder 
belong to the dicotyledonous gymnosperms, of which some are 
true Coniferse ; and a much larger proportion belong to an 
anomalous family, departing very widely from any living type, 
to which the Sigillaria, Noeggerathia, and Asterophyllite aare 
referred. They united some of the characters now peculiar 
to the Cryptogamia and dicotyledons respectively. It is very 
remarkable that none of the exogens of Lindley or dicotyle- 
donous angio^perms of Brongniart, which comprise four- 
fifths of the living flora of the globe, have yet been discovered 
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in the coal-measures, and a very small number, fifteen species 
only, of monocotyledons. If several of these last are true 
palms, an opinion to which Messrs Lindley, linger, Corda, 
and other botanists of note strongly incline, the question, 
whether any of the most highly organized plants occur in the 
primary or palaeozoic strata, must at once be answered in the 
affirmative. If you wish to know hoV far the determination 
of these palms may be doubtful, I refer you to Adolphe 
Brongniart's discussion on the afBnities of Musseites, Palma- 
cites, Musocarpum, Trigonocarpum, and others in his re- 
cently published Essay on ttie genera of Fossil Plants.* 

When we learn from botanists that there are now 11,000 
species of living European plants, we must of course regard 
the 600 species of the coal at present known as a mere frag- 
ment of an ancient flora. Were we to explore the deltas of 
the Po and the Bhone as diligently as we have examined the 
coal-measures, should we obtain the remains of 500 deter- 
minable species, even now before the obliterating hand of 
time has effaced many of the markings by the destroying 
effect of heat, pressure, the percolation of water, and other 
causes f M. Adolphe Brongniart does not seem to suspect 
that the eocene flora was inferior in variety and richness to 
that which now decorates the earth, and yet he only describes 
209 species of eocene plants. 

If we wish to be convinced of the probable extent of our 
ignorance of the real state of the vegetation of the earth when 
the coal was formed, it may be well to reflect how seldom 
the fructification of coniferous trees has been met with in 
the coal-measures. Mr Bunbury informs me that he never 
heard of more than one example, — ^that mentioned in the 
work of Lindley and Hutton, under the title of Ptnus anthrch 
cina. I never saw any one fossil fir-cone of this age, either 
in the rocks or the museums of North America or Europe. 
Yet every collector is familiar with specimens of coniferous 
wood of the carboniferous period, displaying characters most 
nearly allied to the living Araucaria. Goppert indeed con- 
vinced himself that many of the seams of coal examined by 

* Tableau des V^g^t. Fobs., Diet. Univ. d'Histoire Naturelle. Paris, 1849. 
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him in Germany, which have a stractm*e like that of charcoal, 
are derived entirely from coniferous timber, and Brongniart 
gives five genera and sixteen species of Oonifersd of this 
epoch. The Araucarian pines have large cones, and we may 
expect to meet with the fruit of such trees hereafter, for Dr 
Mantell tells me, he has found between forty and fifty fossil 
fir-cones in the Wealden of England, although not one is men- 
tioned by Dunker, in his excellent work on the Hanoverian 
Wealden. The coal-seams of this freshwater deposit in 
Hanover, as I had an opportunity of attesting last summer, 
are almost exclusively made up of the needle-shaped foliage 
of pines. 

To prevent ourselves therefore from hazarding false gener- 
alizations, we must ever bear in mind the extreme scantiness 
of our present information respecting the flora of that peculiar 
class of stations to which in the palaeozoic era the coal-mea- 
sures probably belonged. I have stated elsewhere my con- 
viction that the plants which produced coal were not drifted 
from a distance, but nearly all of them grew on the spots 
where they became fossU. They constituted tilie vegetation 
of low regions, chiefly the deltas of large rivers, slightly ele- 
vated above the level of the sea, and liable to be submerged 
beneath the waters of an estuary or sea by the subsidence of 
the ground to the amount of a few feei That the areas 
where the carboniferous deposits accumulated were low, is 
proved not only by the occasional association of marine re- 
mains, but by the enormous thickness of strata of shale and 
sandstone to which the seams of coal are subordinate. The 
coal-measures are often thousands of feet and sometimes 
two or three miles in vertical thickness, and they imply, that 
for an indefinite number of ages a great body of water flowed 
continuously in one direction, carrying down towards a given 
area the detritus of a large hydrographical basin, draining 
some large islands or continents on the margins of which the 
forests of the coal period grew. If this view be correct, we 
can know little or nothing of the upland flora of the same 
era, still less of the contemporaneous plants of the moun- 
tainous or Alpine regions. If so, this fact may go far to 
account for the apparent monotony of the veget^ttion, although 
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# 
its uniform character may doubtiess be in pari owing to a 

greater uniformity of climate then prevailing throughout the 

globe. Mr Bunbury has, I think, successfally pointed out in 

your Journal, that the peculiarity of the carboniferous climate 

consisted more in the humidity of the atmosphere and the 

absence of cold, or rather the equable temperature preserved 

in the different seasons of the year, than in its tropical heat ;* 

but we must still presume that colder climates existed at 

higher elevations above the sea. 

That there was really a scarcity of flowering plants, other 
than the dicotyledonous gymnosperms, in those peculiar 
stations where that carboniferous flora grew with which we 
are acquainted, is, I think, most probable, for the predomi- 
nance of Conifers and Ferns, Lepidodendra and Sigillarise, 
would tend, by the mere occupancy of space, to cause other 
tribes to be feebly represented. This argument is not based 
on negative evidence, for botanists conceive that they have 
already obtained 250 species of ferns of the carboniferous 
era, whereas the whole of £im>pe does not produce at pre*- 
sent more than fiffcy species of the same family. 

The flora of the palaeozoic period, or of the carboniferous 
and Permian stratp., is called by Brongniart the age of Acro- 
gens, from the great number of Ferns and Lycopodiums 
which then flourished ; and he styles the secondary period 
the age of Gymnosperms, because the Conifers and Cycads 
then prevailed in great numbers. But before we pass to the 
vegetation of the secondary rocks, we are met with a geolo- 
gical point of controversy of the utmost moment, on which 
we ought, if possible, to make up our minds, as it affects 
nearly all our generalizations when we contrast the fossil 
plants of the primary and those of the secondary rocks. Are 
the species of the Alpine anthracite paleeojsoic or secondary, 
carboniferous or liassic % If plants of the Petit-Coeur near 
Moutiers in the Tarantaise, all identical with the species of 
the carboniferous era, and unmixed with any of an oolitic 
character, be correctly referred to the lias, such an excep- 
tion to the rule of the restriction of particular assemblages 

* Quart. Journ. Geol. Soc. 1846, vol. ii., p. 87. 
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• 
of organic forms to particular eras, shakes every theory 

which rests on purely palseontological data to its very foun- 
dation. In the year 1828, M. Adolphe Brongniart published 
an account of twenty-five species of fossil plants from Petit- 
OoBur, twenty of which he was able to identify with carboni- 
ferous species, M. £3ie de BesnniaBt honii^ foimd tids as* 
semblage of fossils in shales so intercalated vnth Jurassic 
schists containing Belemnites (the strata containing the 
plants and the Belemnites being parallel and conformable), 
as to lead him to infer that they were all parts of one for- 
mation. The dark shales containing BelemnitcB were recog- 
nized as a portion of certain adjacent rocks, in which Am- 
monites and other fossils characteristic of the Jurassic series 
abound. Other able geologists afterwards visited the spot, 
and at the meeting of the French geologists at Ohamb^ry in 
1841, they confirmed the views previously announced by M. 
de Beaumont. M. Favre, however, endeavoured to explun 
the anomaly by supposing that true carboniferous schists, 
originally underlying liassic strata, had been thrown to- 
gether with them into a sharp anticlinal flexure, portions 
of which had been subsequently denuded; and he pointed 
out that in another part of the Alps similar schists, contaSn- 
ing coal plants, constitute the conformable base of the liassic 
group.* Sir Eoderick Murchison visited Petit-Cosup in the 
course of his Alpine excursions in 1847 and 1848, and gave 
a section shewing that the plant^bearing anthracitic schists 
can be traced within one foot of the parallel dark shales con- 
taining Belemnites ; and, to cite his own words, '* the Be- 
lemnite and plant beds form parts of the same geological 
mass, the upper and lower parts of which are of similar com- 
position, consisting of talcose schist and sandstone. In &ct 
I cannot imagine how any geologist can look at this section, 
and not declare that the whole of these strata form a natural 
group of very small dimensions." t He also affirms, " that 
if, by a modification of the flexure theoretically suggested by 
M. Favre, we could get over the difficulty, the section at 



* Bulletin Soc. G60I. de France, vol. v., p. 263. 
t Quart. Journ. Geol. Soc., vol. v., p, 177. 
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Petit-Cceur would be more deceptive than any he has ever 
examined, and until more'proofe are obtained to the contrary, 
he must repeat his belief that the relations of the strata sus- 
tain the conclusions of M. E. de Beaumont."* 

When we are to choose between two alternatives, a most 
extraordinary displacement or contortion of stratified masses, 
or an exception to the laws elsewhere found to prevail in 
the geological distribution of organic remains, we must duly 
weigh, not only the singularity of the required mechanical 
disturbance, but also the extent of the palaeontological ano- 
maly. When Sir R. Murchison and M. Escher, in a late 
survey of the Alps, observed a mass of limestone full of Ju- 
rassic fossils, a quarter of a mile long, resting unconform- 
ably on strata of the eocene or nummulitic group, in the 
Canton of Berne and the Grisons, they preferred to imagine 
any amount of folding of strata and of lateral displacement, 
rather than believe that an oolitic fauna with its Ammonites 
and other fossils had re-appeared on the earth after the 
older tertiary formations were deposited.f In like manner, 
when I visited the Danish island of Moen in 1836, and found 
the noorthem or glacial drift extensively interstratified with 
white chalk, of which a faithful and more detailed descrip- 
tion has just been published by M. Puggaard, I stated in 
your Transactions that we were justified in assuming any 
amount of enguliinent, contortion, or " entanglement" of the 
beds of the two formations, rather than believe the drift to 
have been contemporaneous with the white chalk and its 
flints.:^ In such oases it depends entirely upon the degree of 
our faith in the constancy of palseontological results, whether 
we attach a greater or less importance to superposition; 
and, consistentiy with this principle, geologists who have 
regarded the coal-plants and Belemnites of the Tarantaise 
as belonging to the same group, have laboured to shew that 
the anachronism woidd not be so great, because the longevity 
of species in fossil plants, say they, exceeds that which ob- 



* Quart. Journ. Geol. Soc, vol. v., p. 179. t Ibid., vol. v., p. 246. 

X Trans. Geol. Soc., Ser. 2., vol. ii., p. 257 ; see Puggaard, Moans Geologie, 
pp. 118-134 (1851). 
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tains in the moUusca. Thus, the Calamites arenaceus is said 
to afford an example of a plant common to the coal-measures 
and the trias ; but this, I believe, is incorrect, for this species, 
Mr Morris tells me, was admitted into Mr Prestwich's list of 
fossils from the coal-measures of Coalbrook Dale by mistake ; 
and even were it true that the range of this and several other 
species was occasionally so great as to extend from the coal 
to the trias, or from the trias to the oolite, such cases would 
afford no parallel to the pretended occurrence in the Alps of 
a large assemblage of plants proper to the coal in the midst 
of a Jurassic fauna. 

Some years after the publication in 1828 of M. Brongniart^s 
first list of plants from the Alpine anthracite, that botanist 
had an opportunity of studying a still larger number of species 
from the same formation, so as to raise the number to forty, 
yet they all of them were still found to belong to the old car- 
boniferous type, without the slightest intermixture of any 
newer or Jurassic forms. Still later, when M. Sismonda had 
satisfied himself, after visiting Fetit-CcBur in company with 
M. Elie de Beaumont, that the evidence in favour of the 
Jurassic age of the fossil plants could not be impugned, he' 
proposed to me to invite some English botanist to examine 
the fossils of the Alpine anthracite collected by him and de- 
posited in the Museum at Turin, that they might again 
undergo a rigorous scrutiny. Our Foreign Secretary, Mr 
Bunbury, undertook this task in 1848, and his paper, pub- 
lished in the fifth volume of your Journal, shews how entirely 
he confirmed the conclusions of M. Brongniart. At the same 
time, he reviewed the several conjectures which had been 
thrown out by naturalists to explain away or solve the 
enigma, and pronounced them to be all equally unsatisfac- 
tory. It had been urged by some writers, for example, that 
as the same coal plants have a wide range in space, both in 
latitude and longitude, reaching north and south from Mel- 
ville Island to Alabama, and east and west from Indiana to 
Russia, they may have also had a great vertical range or 
duration in time. To this hypothesis there is this obvious 
answer : — Even in the Permian strata we perceive most of 
the carboniferous species beginning to disappear, whilst a 
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perfectly new flora appears in the Triassic era. Again, in 
the Liassic epoch, we find other distinct vegetable forms, not 
only in Europe, but in America and India, as will be seen by 
tjonsulting for the United States the memoirs published by 
Prof. W. B. Rogers and myself on the oolitic coal-field of 
Virginia, and for the east by the accounts given by Captain 
Grant of the flora of the Cutch oolite.* If, on the other 
hand, we reflect on the wide extent, in the present state of 
the globe, of botanical provinces, each inhabited by its own 
assemblage of plants, we must regard the Vosges as not far 
distant from the Tarantaise Alps. Yet in the chain of the 
Vosges in Alsace we find, even at the period of the Lower 
Trias or Bunter, a vegetation wholly difl^erent from the car- 
boniferous ; and the Keuper again, or Upper Trias, displays, 
according to Adolphe Brongniart, another flora more ap- ^ 
piwaching to the oolitic. What is still more decisive, in the 
Department of the Is^re, at no great distance from the 
limits of the anthracite formation of the Alps, Jurassic strata 
occur containing impressions of plants, which exhibit the 
usual characteristics of the oolitic flora, and include no 
Triassic, Permian, or Carboniferous species. 

Mr Bunbury admits that certain living ferns have a very 
wide range in latitude, but still they offer no parallel in their 
geographical distribution in space to the supposed range in 
time of the anthracitic flora of the Alps ; for, in proportion 
as each living species spreads farther and farther from its 
point of departure or chief centre of development, it becomes 
mor^ and more mixed with the plants of other provinces. 
Nowhere could the botanist point to a group of forty trees, 
shrubs, or ferns flourishing at two remote points in the globe 
unmixed with foreign plants, and separated by two or more 
provinces of distinct species. 

That we may not underrate the real amount of the sup- 
posed anomaly or exception to all ordinary rules, in the case 
of the anthracitic flora of the Alps (assuming it to be of Ju- 
rassic date), we must bear in mind that the beds containing 
it are not simply regarded by M. E. de Beaumont as the 

* Quart Jour, Geol. Soc, vol. v., p. 136. 
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equiyalents of the lias, but also as corresponding in age to 
the Oxford clay or middle oolite, as, for example, at Ohard<»i- 
net near Brlan^on, to which Mr Bnnbory has ailuded in his 
paper.^ Hence we should be called upon to belieye that cer- 
tain species of SigUlaria and Stigmaria, of Ajsterophyllite, 
Lepidodendron, and Catamite, together with a multitude of 
Ferns, had liyed on through the Carboniferous and Permian 
periods, through the lower and upper Triassic, and still sur- 
Tired in the eras of the lias, uiferior oolite, and Oxford clay, 
Without permitting any of the characteristic species of these 
several epochs to intrude themselves into their company. 

The late celebrated paleeontologisti M. Yoltz, when he 
conversed with me on this subject in 1833 at Strasburg, had 
satisfied himself that certain islands in the tropics quite iso- 
lated from other lands, had continued to grow the plants in 
question throughout the vast interval of time which separated 
the coal from the lias, and that fragments of their stems and 
leaves were drifted by a marine current over the ocean and 
buried with belemnites and marine shells in muddy lia4»0ic 
sediment thrown down in the latitude of the Alps. However 
violent such an hypothesis may appear, no other has since 
been invented of a more plausible kind, unless we escape 
from the difficulty by explaining away what is called '' physical 
evidence" or the ^' order and position of the beds." It is 
conceded on all hands that in no region of the globe, hitherto 
studied by geologists, has the original arrangement of strata 
been subsequently so much altered by complicated foldings 
and dislocations, and by metamorphic action, which last has 
sometimes superinduced a crystalline structure on older for- 
mations, while those of newer date retain their ordinary 
mineral condition. 

In a district of such chaotic confusion, we may well despair 
of being able to trace out the true chronological sequence of 
foBsiliferous groups, and we therefore hail with pleasure the 
discovery of an undisturbed region not very remote, where 
strata wearing the same mineral and palaeontological aspect 
occur. It appears that recently, in 1850, the two Italian 

* Quart. Journ. Geol. Soc, vol. v., pp. 133, 136. 
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professors, Meneghini and Savi, have detected near Vblierra 
aathracitic schists containiiig coal plants like those of the 
Alps, such as Pecopteris arboreseens and Annularia lonffi/oliay 
on which beds of lias with the ordinary marine shells repose. 
These schists belong to the Verrucano or oldest conglome- 
rate of Italy, which, so long as no fossils were obtained from 
it, had been regarded in Tuscany as the base of the lias, but 
which will henceforth be classed as a carboniferous conglo- 
merate and schist supporting the Jurassic series. Such facts 
seem to have a direct bearing on the enigmatical question of 
Petit-Ooeur, from the circumstance that in many parts of the 
Alps, as in the well-known instance of the Valorsine, which 
I have myself examined, the plant-bearing schists are asso- 
ciated with a conglomerate doubtless analogous to the Ver- 
rucano. This fact Sir Roderick Murchison and Professor 
Heer have remarked, when commenting on the statements of 
Signori Meneghini and Savi.* We have merely then to 
imagine, that in the Tarantaise Alps, as in TuJ^cany, Jurassic 
strata were first thrown down on horizontal coal-measures, 
and that in the Tarantaise these were afterwards crumpled 
and folded together by more than one series of moyements, 
which extended in the central Alps, as we know, even to the 
eretaceous and eocene deposits. When we consider that oc- 
casionally the Permiari group is wanting in England, and the 
Muschelkalk universally, we ought not to be surprised at the 
omission in another part of Europe of all the beds between 
the coal-measures and the lias ; and it seems clear that if we 
assent to the doctrine that the Verrucano of Volterra is a 
palaeozoic rock, we are simply required to transfer to Tus- 
cany the flexures and inverted position so characteristic of 
the beds in many parts of the Alps, and we should have the 
enigma of Petit-Coeur repeated. 

Having offered these observations on the fossil plants of 
the palaeozoic strata, a few words may suffice for the flora of 
the secondary and tertiary eras, for in these all botanists 
seem to agree Ihat some highly developed families of mono- 

* Quart. Journ. Geol. Soc, vol. vi., p. 382 ; and Heer, Mittheilungen der 
Naturf. Gesellsch. in Zurich, January 1850. 
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cotyledons, such as the LiliacesB and Palms, occur. In the 
inferior oolite of England, we find the fruit of Podocarya, so 
well described and illustrated by Dr'Buckland in his Bridge- 
water Treatise, and which seems clearly to have been an 
endogen closely allied to the Pandanus or Screw Pine. 

In the strata from the triassic to the Purbec inclusive, 
comprising Brongniart's age of gymnosperms, plants of the 
family of Zamia and Cycas, together with Ooniferse, predo- 
minated in Europe far more than anywhere now on the globe 
in corresponding latitudes. They must have given to the 
flora of this period a peculiar aspect, but our data are too 
scanty to entitle us to affiitm that the vegetation of this 
second epoch was on the whole of a simpler organization 
than that of our own times. In Bronn's catalogue 223 species 
only of plants are enumerated in all the rocks ranging from 
the lias to the middle oolite inclusive. Not a few even of 
these are referred to Algae, 29 species of that tribe having 
been obtained from the lithographic slate of Solenhofen and 
the neighbourhood, all from one subdivision of the oolite. 

The cretaceous strata are classed by Brongniart together 
with the tertiary in the last of his three periods before al- 
luded to, namely the age of angiosperms. The two upper divi- 
sions of the Wealden, the Hastings sand and Weald clay, 
may probably, for reasons to which I shall allude in the 
sequel, be referred to the same age. In regard to the rocks 
ranging from the lower greensand to the Maestricht beds 
inclusive, they are chiefly marine, and we have therefore as 
yet but little information respecting the contemporary plants 
which grew On the land, but such as are known display a 
transition-character between th^ vegetation of the secondary 
and that of the tertiarj formations. OonifersB and Cycadeae 
still continued to flourish, and even a tree-fern has been de- 
tected in the ferruginous sand of the lower cretaceous group 
in the Ardennes in France. Yet this vegetation is referred 
by Brongniart to the age of angiosperms, some well-marked 
leaves of dicotyledonous trees having been found in Germany, 
in the cretaceous quader-sandstein and planer-kalk. The co- 
existence of these with numerous cycads and with the great 
reptiles, the Iguanodon, Ichthyosaurus, Plesiosaurus, and 
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Pterodactyl, is not unimportant, a0 it proves that there was 
nothing in the atmosphere so favourable to the predominance 
of gymnosperms and to a rich reptilian fauna, which was fatal 
to the existence both of monocotyledonous and dicotyledonous 
angiosperms. 

You are aware that in many localities in the neighbour- 
hood of Paris there is a formation called the pisolitic lime- 
stone, intermediate in position between the white chalk and 
the oldest eocene tertiary, and that there has been much 
controversy whether it should be referred to the cretaceous 
or to the eocene period. That it belongs to the age of the 
Maestricht chalk seems to be the preferable opinion, and 
some have considered the limestone of Sezanne near Paris 
to be of the same age ; while others regard the latter as 
lower eocene. In this limestone we have a species of Hepa- 
tica, the MarchanUa Sezannensis^ Brongniart, preserved in a 
kind of travertin, with a species of moss. How rarely must 
we expect such discoveries to be made in rocks of such 
ancient date ! If occasionally we obtain a glimpse of the ex- 
istence of a lichen, a Jungermannia, or a moss, in travertin 
or amber, it is all the evidence we can look for of whole 
families of plants which may have played as great a part 
in every successive geological epoch, as now in the living 
creation. 

The number of plants hitherto obtained from tertiary strata 
of different ages is very limited, but is rapidly increasing. 
They have been met with chiefly in isolated spots ; and all 
those examiaed by M. Ad. Brongniart, even the pliocene 
fossils, are considered by him to be distinct from living 
species. They are referable to a much greater variety of 
families and classes than the same number of species taken 
from secondary or palseozoic formations, the angiosperms bear- 
ing the same proportion to the gymnosperms and acrogens 
as in the present vegetation of the globe. This greater 
variety may doubtless be partly ascribed to the greater variety 
of stations in which the plants grew, as we have in ihis 
instance an opportunity, rarely enjoyed in studying the 
secondary fossils, of investigating inland or lacustrine de- 
posits, accumulated originally at different heights above the 
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sea, said inclosing the memorials of tixe floras washed down 
from the adjoining mountains. 

The mutual dependence of plants and animals on each 
other is such, that we may fairly presume that the relative 
numbers in each of these kingdoms of Nature did not depart 
very widely in any former geological period, especially the 
tertiary, from the proportion now prevailing. It is true that 
the fossil flora of the palsBontologist is meagre in the ex- 
treme when contrasted with the fossil fauna, but this arises 
from the fact that almost all our fossU species of animals are 
aquatic, whereas there are comparatively few aquatic plants 
now existing in the world, and they seem not to have been 
more abundant at remote epochs. If we compare the ter- 
restrial fossil fauna with the terrestrial flora, the dispropor- 
tion no longer holds good. * 

Professor Bronn has enumerated in his " Index PalsBonto- 
logicuB," 24,000 fossil animals and only 2050 fossil plants, the 
proportion being only one plant for twelve animals, whereas 
in the living creation he estimates the relative proportions 
to be seven species of plants for ten of animals. But al- 
though the value of the botanical data on which we reason, 
may only be as one to twelve when compared to our 
zoological information, we seem already to have sufficient 
evidence, that there have been at least four, if not -five, revo- 
lutions since the cretaceous era in the species of plants in- 
habiting the earth ; and during these successive changes 
there is no manifest elevation in the grade of organization, 
implying a progressive improvement in the floras which suc- 
ceeded each other from the eocene to our own epoch. The 
plants of the lower eocene found at Sheppey include genera 
of which the organization is as perfect as in those found much 
higher in the eocene series (in the gypsum, for example, of 
Paris) ; and the same may be said of the miocene and plio- 
cene assemblages of plants. 
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On the Mammoth Cave of Kentucky. By Professor B. SiLLi- 
MAN Junior. From a Letter addressed to Professor Guyot^ 
Cambridge^ dated Louisvitle, November 8, 1850. 

At the level of the Ohio below the falls on which the citj stands, 
are found the lower beds of Silurian rocks and upper Deyonian, the 
eldest paleeozoic rocks to be seen in all this region. This city is 
placed on a plateaa elevated some seventy-five feet above the low 
water mark of the Ohio, and the plain on which it stands represents 
the general level of the surrounding country for a long distance 
above and below. Mammoth Cave lies in a direction nearly south 
of Louisville, on the Green Biver, and on the direct road to Nash- 
ville, midway between Louisville and the latter city. Leaving Louis- 
ville, the stage road follows the main course of the Ohio, and generally 
along its banks to the Salt Eiver, some twenty miles ; crossing this 
river the road bears south, leaving the Ohio on the right, and soon 
enters a new region. By a gentle and easy ascent you continue to 
rise for several miles by a circuitous path, passing in succession all 
the members of the silurian, and the lower secondary or the mountain 
limestone, until at an elevation of 300 to 400 feet above the Ohio 
you reach the great upper plateau which stretches away for a long 
distance, interrupted only by the deep river beds, which are all very 
nearly in the same level with the Ohio. These upper pjains are 
called the " J5arreiw," from the general sterility of the soil, which is 
formed to a great extent of stiff red clays and unproductive sands, or of 
lime rocks lying near the surface. Everywhere in this upper country 
we are struck with the frequent occurrence of those circular holes, or 
shallow pans, which are called •* sinks," from the popular belief that 
the sur&ce has fallen away or sunk at some recent period. You see 
large trees standing dead in the water which fills these hollows, in a 
situation where, of course, they could not have grown, supposing the 
water had long occupied its present place. Hence the idea so generally 
accepted that the surface of the earth has fallen downward ; and this 
is attributed to the wearing away of the rocks beneath by subterranean 
rivers, or by some other mode of aqueous action. It is probable that 
the hollows already existing are made water-tight by the cementing 
of the surface by fine mud floated by rains from the adjacent roads. 
I saw hollows of this sort standing full of water in this very dry 
season, in which the trees were not quite dead, while in others only 
the denuded trunks were seen. From these stagnant pools arise the 
poisonous miasms that produce the fevers which are peculiarly abun- 
dant in those parts of the Barrens where the sinks are most numerous. 
It is remarked that the " sinks" have greatly increased in number, 
and the miasms in virulence, since the country was opened by culti- 
vation and by roads. These causes have obviously operated to furnish 
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the slime which the rains have washed down into the circular hollows 
adjacent these improvements, thus rendering them water-tight. 

The stage-road to Nashville runs over this upper plateau all the 
way from Salt Biver, with unimportant exceptions in the valleys of 
small rivers, until it reaches the valley of the Cumherland River, 
over 150 miles. Within some ten or fifteen miles of Nashville the 
traveller again descends by a similar gradual declivity full 350 feet 
to the banks of the Cumberland Eiver, on which the city of Nashville 
stands. Here again the observer detects the oldest silurian rocks, 
compact blue crystalline limestones, in which the fossils are almost 
obsolete, and unfossiliferous sandstones, alternating with them. 

The Mammoth Cave of Kentucky is situated in the midst of the 
great upper plain, and descends from the uppermost rocks to those 
which are nearly or quite on a level with the Ohio. Dr John Locke 
of Cincinnati has measured the depth of the cave barometrically, and 
is said to have determined it to be 325 feet below the hotel, and the 
level of the rivers of the cave to be the same as that of Green River, 
with which the subterranean rivers or lakes rise and fall in times 
of flood ; so that there is no doubt of a connection existing be- 
tween Green River and these curious subterranean pools over which 
the explorer passes in mysterious silence many miles from the en- 
trance, and at least 300 feet from the upper surface. Unfortunately 
our party was unprovided with barometers, and the measurement of 
Dr Locke remains therefore as the only evidence we have of the rela- 
tive levels of these subterranean waters and Green River. 

One atmospheric phenomenon attracted our attention and tasked 
our ingenuity for a satisfactory explanation. I will mention the 
fact and our solution of it. If the external air has a temperature 
above 60° Fahr., the observer, on approaching the mouth of the 
cave, is met by a blast of cool air blowing outward from the mouth ; 
and if the external temperature is high, say 90° Fahr., the blast 
amounts to a gale. It is almost impossible, indeed, where the dif- 
ference of temperature, either way, is considerable, to make the 
entrance of the cave with a lighted lamp ; unless carried with an 
experienced hand it is surely extinguished. In hot weather, this 
contrast of temperature and its accompanying blast of air, are at first 
quite overpowering, and you feel as if immersed in a cold bath. 

If the air without has a temperature of 59°-60° no current is 
observed, and the flame of a lamp held in a favourable position in- 
dicates none. It immediately occurred to me, that there must be 
two currents — one above of warmer air, passing inward, and one be- 
low of colder air, passing outward, and the reverse, but experiment 
soon satisfied me that this was not .the case. Only one current 
could be discovered, and on inquiry of the very intelligent guide, 
" Stephen," who is well known for his remarkable powers to all who 
have been at the cave, I found that this phenomenon had attracted 
his attention, and that he was satisfied from many observations, that 
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only one current existed, and that this flowed out when the external 
air was aboye 60*, and inward, when this was below 60°. Going 
in, one day at noon, we found the outward blast "vqtj strong : we 
prolonged our stay until past midnight ; meanwhile, a storm of rain 
accompanied by lightning had come up, and at three a.m., when we 
again emerged, the temperature outside had fallen to 50^, and the 
inward gale blew so strongly, as to extinguish our lights, several 
hundred yards from the mouth. In fact, the guide told us, when 
more than two miles in the cave, that a change had taken place in 
the outer air, and that we should probably find a storm raging with- 
out. His accustomed senses detected the gentle current inward, 
which we did not notice at so great a distance, and he perceived, as 
he afterwards told us, a change of level in the subterranean rivers 
since our crossing them in the morning, — ^the rain which had fallen 
copiously having already affected them. 

I was at a loss for a little time to account for these currents of 
air, but the following explanation suggested itself: — The mouth of 
the cave is the only communication between the external air and the 
-vast labyrinth of galleries and avenues which stretch away for many 
miles in the solid limestone. The extent of these under-ground 
valleys of denudation, or rather " excavations," is vastly greater 
than I had imagined before going there ; branching, crossing, inos- 
culating in all directions, and at all levels, the mind is lost in amaze- 
ment at their vast proportions, the various beauty which they possess, 
and at the continuity of the cause which has formed them. The air 
which they contain is pure and exhilarating. The nitre beds, which 
are of incredible extent in these galleries, probably account in part 
for the purity of the air, as the nitrogen, which is consumed in the 
formation of the nitrate of lime, must have it^ proportions of free 
oxygen disengaged, thus enriching this subterranean atmosphere 
with a large portion of the exhilarating principle. The temperature 
of the cave is uniformly 59° Fahr., summer and winter, and this is 
probably very near to the annual mean of the external air. The 
expansion which accompanies an elevation of temperature in the outer 
air is immediately felt by the dense air of the cave, and it flows out 
in obedience to the law of motion in fluids, and the outward current 
continues without interruption, as loiig a» the outer air is possessed 
of a higher temperature than the cave. 

I was assured by those resident on the spot, that, for weeks or 
even months, in the summer and winter, this blast of air continues 
with unabated force outward or inward, and yet the thermometer, at 
a distance from the mouth, always indicates the same temperature. 
This seems to me of itself a very convincing proof of the vast volume 
of the subterranean galleries ; for otherwise the equilibrium being 
restored, the current would cease, or the temperature within would 
vary. Still it must be regarded as an interesting place for a series 
of observations with the barometer and thermometer, continued daily 
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for a year, and it would not be difficult to arrange such a series, if 
the question was esteemed to possess sufficient scientific interest to 
warrant the expense. If the cave had two openings at different 
levels, the temperature would not be uniform, and there would be 
two currents discernible. 

There is no exception to the purity of the air in the Mammoth 
Gave, in none of the deep pits or domes is it possible to find any 
accumulation of carbonic acid, or other noxious gases, respiration 
and combustion are perfect in all parts which have yet been visited. 
The waters of the springs and rivers within it are all limpid and 
potable ; and the avenues, with few exceptions, are dry at all seasons. 
I thought it very remarkable that, in all its vast extent, there should 
be no sources of sulphuretted hydrogen and of carbonic acid.^ 

The phenomena of life within the cave are comparatively few, but 
interesting. There are several insects, the largest of which is a 
sort of cricket with enormously long antennae. Of this insect, 
numerous specimens will be found among the specimens sent to 
Professor Agassiz. There are several species of Coleoptera, mostly 
burrowing in the nitre earth. There are some small water-in- 
sects also, which I suppose are Crustacean. Unfortunately three 
vials containing numerous specimens of these insects were lost 
with my valise from the stage coach, and I fear will not be re- 
covered. Of the first, there are two species, one of which has 
been described by Dr Wyman in the American Journal of Science, 
and which is entirely eyeless ;t some ten or twelve specimens 
of the species were obtained. The second species of fish is not 
colourless like the first, and it has external eyes, which, however, 
are found to be quite blind. | The craw fish or small Crustacea in- 
habiting the rivers With the fish are also eyeless and uncoloured, 
but the larger eyed and coloured craw fish which are abundant with- 
out the cave, are also common at some seasons in the subterranean 
rivers, and so also it is said the fish of Green River are to be found 
in times of flood in the rivers of the cave. Among the collections 
are some of the larger eyed craw fish which were caught by us in 
the cave. The only mammal except the bats observed in the cave 
is a rat, which is very abundant, judging from the tracks which they 
make, but so shy and secluded in their habits, that they are seldom 
seen. We caught two of them, and fortunately male and female. 

The chief points of difference from the common rat in external 
characters, are in the" colour, which is bluish ; the feet, and belly, 
and throat, white ; the coat which is of soft /tir, and the tail also 

* Neap " Mary's Bower," there is a spring of bitter water, evidently con- 
taining sulphate of magnesia, which salt is also abundantly found in some parts 
of the cave. 

t See also Proceedings Brit. Soc. Nat. Hist., 1850, p. 349. 

X For a list of the animals found in the care, as mentioned by Prof. Agassiz, 
see this volume, p. 127. 



Digiti 



zed by Google 



Mammoth Cave of Kentucky. 231 

thinly furred, while the common or Norway rat is gray or brown, 
and coyered with rough hair. The cave rat is possessed of dark 
black eyes, of the size of a rabbit^s eye, and entirely without iris ; 
the feelers also are' uncommonly long. We have satisfied ourselves 
that he is entirely blind when first caught, although his eyes are 
so large and lustrous. By keeping them, however, in captivity and 
diffuse light, they gradually appeared to attain some power of vision. 
They feed on apples and bread, but will not at present touch animal 
food. There is no evidence that the cave rats ever visit the upper 
air, and there was no one who could tell me whether they were or 
were not found there by the persons who first entered this place in 
1802. 

Bats are numerous in the avenues within a mile or two of the 
mouth of the cave, and M. Mantell thinks he has secured at least two 
species. Several specimens are preserved in alcohol. It was not 
^uite late enough in the season when we were at the cave, October 
16th~22d, for all the bats to be in winter quarters, as die season 
was very open and warm. Still, in the galleries where they most 
abound, we found countless groups of them on the ceilings chipper- 
ing and scolding for a foothold among each other. On one little 
patch of not over four or five inches, we counted forty bats, and were 
satisfied that one hundred and twenty at least were able to stand on 
a surface a foot square; for miles they are found in patches of 
various sizes, and a cursory glance satisfied us that it is quite safe 
to estimate them by millions. In these gloomy and silent regions, 
where there is neither change of temperature nor difference of light 
to warn them of the revolving seasons, how do they know when to 
seek again the outer air, when the winter is over and their long 
sleep ended ? Surely He who made them has not left them without 
a law for the government of their lives. 

Yqh may inquire, What has formed the excavations of Mammoth 
Cave ? I answer clearly and decidedly, water and no other cause. 
Nowhere else can we find such beautiful sculptured rocks as in Mam- 
moth Gave ; such perfect unequivocal and abundant proofs of the action 
of running water in corroding a soluble rock. The rough hewn block in 
the quarry does not bear more distinct proof of the hammer and the 
chisel of the workman than do the galleries of Mammoth Gave of 
the denuding and dissolving power of running water. At Niagara 
we see a vast chasm evidently cut by water for seven miles, and still 
in progress, but we cannot see beneath the cataract the water-worn 
surfaces, nor the rounded angles of the precipice — while the frosts 
and rains of countless winters have reduced the walls of the chasm 
itself to a talus of crumbling and moss-grown rocks. But in the Mam- 
moth Gave we see a fredbness and perfection of surface, such as 
can be found only where the destructive agencies of meteoric causes 
are wholly absent, aided and quickened as those are on the upper 
surface by the processes of vegetable life, wholly unknown in the cave 
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Here we have the dry beds of subterranean rivers, exactly as they 
were left thousands of years ago by the stream which flowed through 
them when Niagara was young. No angle is less sharp, no groove 
or excavation less perfect than it was originally left, when the waters 
were suddenly drained off by cutting their way to some lower level. 
The very sand and rounded pebbles which pave the galleries now, 
and formed the bed of the stream of old, have remained in many of 
the more distant galleries untrodden even by the foot of man. The 
rush of ideas was strange and overpowering as I stood in one of 
these before unvisited avenues, in which the glow of a lamp had 
never before shone, and considered the complex chain of phenomena 
which were before me. There were the delicate silicious forms of 
eyathophylla and encrinites, protruding from the softer limestone 
which had yielded to the dissolving power of the water ; these carried 
me back to that vast and desolate ocean in which they flourished, 
and were entombed, as the crystalline matrix was slowly cast around 
them, mute chroniclers of a distant epoch. Then were the long 
succeeding epochs of the upper secondary ; and these past, the slow 
but resistless force of the contracting sphere, elevated and drained 
the rocky beds of the ancient ocean : the action of meteorological 
causes commenced, and the dissolving power of fresh water, fol-* 
lowing the almost invisible lines of structure in the rocks, began 
to hoUow out these winding paths, slowly and yet surely. But I 
need not attempt to paint a picture in detail whose outlines in 
simple truth are so grand, and I must apologize for detaining you 
so long. I wish that all my scientific friends could visit the Mam- 
moth Gave ; it teaches many lessons in ar manner not to be learned so 
well elsewhere, and in this respect I was most agreeably disappointed. 
I had heard that its interest was chiefly scenic; but I found it to ex- 
ceed my utmost expectations, as well in its illustrations of geological 
truth, as in the wonderful character of its features. I will n«t de- 
tain you with any attempts at descriptions of single parts, as no 
description can awaken those peculiar and deep emotions which a 
personal study of its details is calculated to produce. 

I know not how or where to stop, however, in my account of this 
interesting place. Excuse me if I trespass yet a little longer on 
your patience. In traversing the high vaulted galleries of the cave, 
our attention was occasionally arrested by the sound of falling water. 
We soon learned that, in such cases, we were in the vicinity of an 
entirely new feature in this subterranean region. Approaching 
cautiously to the spot from which the sound proceeds, we find usually 
a deep pit, often surmounted by a dome. These pits are of various 
•depths, but usually not less than 100 feet, and cut down with walls 
of limestone so entirely vertical, that in many cases we were able to 
measure them from the edge with a line and plummet. When the gal- 
lery leads to the upper portion of one of these vertical excavations, it 
is called a pit ; if, on the other hand, the approach is from beneath, it 
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IB usually called a dome, from the regular and arched appearance of 
the ceiling. These pits or domes are sometimes of almost incredible 
height ; and 1 am satisfied that, in one or two instances, they reach 
through the entire vertical thickness of all the strata composing the 
cave, or near 300 feet. Such is Gorin's dome, one of the most 
remarkable features of the cave. Without seeing them, you will 
hardly credit and cannot appreciate the sharpness with which the 
vertical walls of this pit are moulded into architectural forms. At 
one point the outer diameler of the circle bounding it comes so close 
to one of the adjacent galleries, that the thin shell of the interposed 
rock has been removed to a space two feet square, through which, 
as through a window, the observer may put his head, and obtain an 
imperfect glimpse of the interior. You perceive that the loophole 
through which you look is midway between the ceiling and the first 
gallery below ; and by a Bengal light, or other powerful illumina- 
tion, a tolerable view is obt-ained of the vast proportion of this mo- 
nolithic structure, built without hands. I was provided with the 
means of producing the Drummond light, and with the guide, my 
assistant, and Mr ManteU, we succeeded in making the perilous de- 
scent, where, only by groping in the dark over profound chasms, 
could we find a foothold to a point some hundred feet below the 
opening above described. Here we erected the Drummond light, 
and by its aid obtained the first view of its lofty ceiling. The dome 
is of an irregular outline, in the main ovoidal, and from the ceiling 
hangs a great curtain of sculptured and vertically-grooved rock, un- 
supported below, with the graceful outline, and apparent lightness 
of actual drapery. A small stream of water falls from the top, 
which is broken into spray long before it reaches the bottom, and 
keeps the whole interior wet with its splashing. No gallery has 
been found which leads to the bottom of this most beautiful dome. 
We found other similar domes in which the pendant curtain just 
described had fallen, and portions of it but little removed from their 
original position, seemed poised to a second fall. 

Of the mysterious rivers, with their many-tongued echoes, — ^the 
mounds of mud and drift which they annually heap up, — the long 
miles of avenues which stretch away beyond them, rugged or smooth, 
— and of the vaulted ceilings, crystal grottos, and gypsum coronets, 
which tempt the mineralogist to untiring exploration, I must say 
nothing, for I have already gone too far in trespassing so much 
upon your kindness. — The American Journcd of Science and Arts, 
Vol. xi., No. 33, 2d Series, p. 332. 
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Remarks, 

January, — Sharp frost set in on the 6th, and continued till the 
22d, during which period there was fine skating on Bassenthwaite 
Lake ; a stag was roasted on its margin, and a tea-party- assembled 
on the ice. The mean temperature of the month is 4°* 11 below the 
average. On the 13th, there was 1 Inch, and on the 18th, 1^ inch 
of snow on the ground. 

February. — A mild wet month, with a total absence of frost. 
Temperature 3°*22 above average. The brilliant meteor seen in 
many parts of England on the evening of the 11th was not visible 
at this place, where the weather was wet and stormy. 

March, — A fine dry month. Temperature 0°*33 ahove average. 
Zodiacal light seen on several evenings. On the 26th, there was 
half an inch of snow on the ground. At Liverpool, snow fell during 
two hours this morning, and covered the streets to the depth of 12 
or 14 inches. 

The mean temperature of the quarter ending March 31, is 0*20 
under the average of the preceding seventeen years. The deaths in 
the town and suburb of Preston Quarter are 116, being 39 under 
the calculated average, which is 1 55, allowing for increase in popu- 
lation. 

The births exceed the deaths by 38. According to the Registrar- 
General's Report, the deaths throughout the kingdom are less by 
21,065 and 21,414 than in the corresponding quarters of 1847 and 
1848. 
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April, — Temperature 2®-73 above average. Zodiaeal light seen 
on the evening of 5th. On the 12th, the tortoise-shell butterfly 
made its appearance : at Liverpool, heavy rain fell throughout the 
morning of this day ; at Whitehaven, the day was fine and suiiny 
throughout. The cuckoo was first heard in this immediate neigh- 
bourhood on the 23d, and the first swallow was seen on the 28th. 

May. — Cold and ungenial, with occasional showers of snow and 
hail. Temperature 2°*78 below the average. On the 23d there was 
a dreadful thunder-storm over the greater part of the kingdom, which 
did great damage, destroying in all ten barns, thirty-eight stacks 
of grain, forty outbuildings, and numerous cottages. At Westfield 
House, near Bowness, Carlisle, Mrs Harrison and the servant-man 
were milking the cows during the storm, when the electric fluid struck 
the man dead on the spot, killing four cows at the same time. The 
stool upon which Mrs H. was sitting was literally split in two, and 
she was thrown to a considerable distance by the violence of the 
shock. Strange to say, not the slightest mark was to be found upon 
either the man or cattle. The storm was not felt at Whitehaven, 
which is peculiarly exempted from thunder-storms. 

June. — ^Fine and genial. The temperature is 1°'07 above the 
average, and the evaporation exceeds the fall of rain by 2*27 inches. 
The hay harvest commenced on the 24th. 

The mean temperature of the quarter ending June 30th is 0^*34 
above the average. The deaths are 164, being 43 above the average, 
and a greater number than has occurred in any June quarter (1847 
excepted) since the register was begun in 1839. This excess in the 
mortality was occasioned by the prevalence of pneumonia, amongst 
very young children, during the month of April. 

The births exceed the deaths by 20. By the Registrar- General's 
Beport, it appears that the mortality is lower than in any of the 
corresponding quarters since 1839, when the new system of regis- 
tration commenced, except in the quarter ending June 1844. 

July. — Fine and warm, with heavy showers. Temperature 1*^*32 
above the average. On the 23d, the thermometer rose to 84°, and 
between the 23d and 24th, the maximum fell 22°' 5. 

August. — Temperature 0°'89 under the average. On the 6th, 
a field of oats was cut near Workington. 

September. — ^Beautiful weather : till the 19th, otily '02 of rain 
fell. Temperature 0'65 below the average. 

The temperature of the third quarter of 1850 is '07 below the 
average* 

The deaths are 76, being 51 under the average, and a smaller 
number than has been recorded in any September quarter since the 
register was begun, except in 1840. The births are 186, being 19 
above the average number. In the other quarters of 1850, the 
births almost exactly coincide with the corrected average numbers. 
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By the Registrar-General's Report, it appears that the public- health 
has never been so good since 1845 as in the present quarter. 

October. — Cold, with occasional frosty nights. Temperature 
2°*10 beUm average. A magnificent display of aurora on the night 
of the 1st. On the afternoon of the 23d, two swallows were seen 
in the town, and were apparently as agile and lively as if in pursuit 
of insects on a fine summer's day. The maximum temperature 
was 47°. 

November. — ^A mild damp month, and the wettest in the past 
year. Temperature l°-44 above average. On the 10th, at 3 p.m., 
the barometer had fallen 1*294 inches in the preceding twenty-four 
hours, when it attained the unusually low extreme of 28*27 inches, 
and it continued stationary at that point till near 10 p.m. On the 
20th, at 10 P.M., the column had risen 1*074 inch in the preceding 
twenty-four hours. On the evening of the 24th, the mercury again 
descended to 28*48 inches. There were six frosty nights in this 
month. 

December. — ^Mild, with fine frosty nights. 'Temperature 1°*61 
above the average. 

The temperature of the last quarter is 0*31 above the average. 

The deaths in the town and suburb are 126, or 10 below the 
average number, which is 136. The births exceed the deaths by 
38. The mortality throughout the kingdom is lower than it has 
been in any of the last quarters of the years 1839 to 1850, except 
in 1845. 

Winds. — ^In 1850, the winds Have been distributed as under : — 
N. 31J,days; NE. 39J; E. 16; SE. 22J ; S. 73; SW. 85; 
W. 45J ; and NW. 52. 

Weather. — In the past year, there have been eleven perfectly clear 
days, 190 wet days, 167 cloudy without rain, 285 days on which 
the sun shone out more or less, thirty-nine days of frost, six snow 
showers, and ten days in which hail fell. There have also been four 
solar and six lunar halos, five days of thunder and lightning, three 
days in which lightning was seen unaccompanied by thunder, and six 
appearances of aurora borealis. The only exhibition of aurora worthy 
of particular notice occurred on the evening of the 1st of October. 
About 8h. 15m., Greenwich mean time, observed two concentric 
auroral arches, the lower being considerably the fainter of the two. 
The extremities of the outer and higher bore about WSW. and 
NE. (true), and its centre was estimated to have an altitude of 
about 15°. Streamers soon shot up from the arch to, or somewhat 
beyond the zenith, but no corona was formed. Soon after 9 o'clock, 
appeared a magnificent rainbow arch about 5° in width throughout, 
extending from ENE. to WSW. ; at 9h. 15m., the arch passed a little 
to the south of the Pleiades, and through Delphinus and Aquila. 
The arch continued perfect about ten minutes after I first observed 
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it, tmd in five minutes more no trace of it was to be seen. The arch 
in disappearing diminished in altitude several degrees. By 9^ 40^^, 
the aurora had entirely vanished. A most unusual number of shoot- 
ing stars were observed during the continuance of the aurora. At 
11^, auroral blushing in the NW., extending to the altitude of Ursa 
Major. This aurora was seen at Durham under similar circumstances 
and about the same time. The magnets at Greenwich were much 
disturbed on the 1st and 2d, and also on the 30th of September. 

The mean atmospheric pressure and temperature of 1850 are 
nearly coincident with the averages of the preceding seventeen years. 
The fall of rain (40*47 inches) and the evaporation (27*35 inches) 
are both under a mean quantity ; the former by 6-48 inches, and 
the latter by 2*47 inches. In 1849, the depth of rain fell short of 
the average by 7'9 inches, being the driest year since 1844. The 
evaporation exceeds the fall of rain in the months of March, May, 
June, and September ; the greatest depth evaporated in twenty-four 
hours was 0-293 on the 5th of June, and the least •008 on the 20th 
of January. 

The deaths in 1850 are 482, being 59, or nearly ten per cent, 
under the average number ; the births exceed the deaths by 206, 
and are 24 above the average of the preceding eleven years, from 
1839 to 1849 inclusive. In the seven years ending with 1845, the 
mean annual number of deaths in the town and suburb, with an 
assumed population of 17,867, is 410, being 22*9 per thousand, or one 
death in every 43*5 persons. In 1846, 1847, and 1848 (assumed 
average population 18,329), the mean annual number is 694, being 
37*8 deaths per thousand, or one in every 26*4 persons in those 
three most unhealthy years. In 1849, the deaths are 606, which, 
assuming the population to be the same as in 1848, give 32*2 deaths 
per 1000, or one death in every 31 persons. The average annual 
number of deaths in. the ten years 1839-48 is 495, which, with an 
assumed population of 17,713, gives 27*9 per 1000, or one death in 
every 35*7 inhabitants. 

The mortality in the town and suburb in 1850, with a population 
of 19,281, is equivalent to 24*9 deaths per thousand, or one death in 
every 40 inhabitants. This marked improvement in the sanitary 
condition of Whitehaven has no doubt been greatly promoted by the 
plentiful supply of pure water conveyed to the town from Ennerdale 
Lake, by which the conduits and sewers are kept thoroughly cleansed, 
and the atmosphere is no longer contaminated by the accumulation of 
animal and vegetable refuse matter, to which most epidemic diseases 
are indebted for their origin and propagation. 

Observatory, Whitehaven, 
July 16, 1851. 
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Observations on the Teas of Commerce, By R. Warrington, 

Esq^ F.C.S. 

In my previous communication to the Society on this sub- 
ject in February 1844,* I endeavoured to shew that there 
exist two distinct kinds of green tea, known in commerce as 
glazed and unglazed; that the former is coloured by the 
Chinese with a mixture of Prussian blue and gypsum, to which 
a yellow vegetable colouring matter is sometimes added, while 
the latter are merely dusted with a small quantity of gypsum ; 
that in the specimen of the so-called Canton gunpowder, 
this glazing or facing is carried to the maximum. I also 
mentioned, that I had never met with a sample of green tea 
in which the blue tint was given by means of indigo. Since 
the publication of that paper, I have been in communication 
with several parties of great experience in this subject, from 
whom I have received much additional information, which, 
with several experimental points of interest that have come 
under my own immediate observation, will form the subject 
of the present paper. 

The first point to which I wish to call the attention of the 
Society is, the question of the blue colouring matter used by 
the Chinese for colouring the green teas being Prussian blue, 
because some doubts have been thrown on this subject from 
various quarters. Mr Bruce thus states :t — " The Chinese 
call the former (the indigo) Toungtin^ the latter (the sulphate 
of lime) Acco^ Now I am favoured with the opinion of Mr J . 
Reeves on this point, whose knowledge and experience ren- 
der him most competent to decide in such a case ; he believes 
that indigo is never employed for colouring used in tea, that 
the term Toungtin, as used by Mr Bruce, should be Yong- 
\fyQi^^ foreign blue^ the name given by the Chinese to Prussian 
blue in contradistinction to Too-teen, native blue or indigo ; 
this, I think, is very conclusive evidence, and shews that 
Mr Bruce's statement was erroneous. 

In another quarter a surmise has also been published on 

* Memoirs and Proceedings of the Chemical Society, ii., 73. 

t Report on the Manufacture of Teas, &c. By C. A. Bruce, August 16, 1839. 
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this same point. Mr Fortune, in his entertaining work* on 
China, says, speaking of the ingredients used in dyeing the 
northern green teas for the foreign market, p. 201, " There 
is a vegetable dye, obtained from Isatis Indigotica^ much 
used in the northern districts, and called Tein-ching, and it 
is not unlikely that it may be the substance which is em- 
ployed." Again, at p. 307, " I am very much inclined to be- 
lieve that this (the Tein-ching) is the dye rfsed to colour the 
green teas which are manufactured in the north of China, for 
the English and American markets." This question, how- 
ever, I think is now satisfactorily settled, and the experi- 
mental evidence I have adduced of the material being Prus- 
sian blue of a darker or a paler tint, placed beyond a doubi 
by a positive demonstration ; for Mr Fortune has forwarded 
from the north of China, for the Industrial Exhibition, speci- 
mens of these materials, which from their appearance, there 
can be no hesitation in stating are fibrous gypsum (calcined), 
turmeric root, and Prussian blue ; the latter of a bright pale 
tint, most likely from admixture with alumina or porcelain- 
clay, which admixture may accoimt for the alumina and 
silica found as stated in my previous paper, and the presence 
of which was then attributed possibly to the employment of 
kaolen or agalmatolite. 

Mr J. R. Reeves, in a letter to my friend Mr Thomson, 
dated July 1, 1844, commenting on my paper, says : •* Mr 
Warrington's experiments have led him to correct results as 
to the substances used, which I know to be Prussian blue, 
gypsum (fibrous), and turmeric : the second being sulphate 
of lime ; and the last, the yellow, or orange-coloured vege- 
table substance, which Mr W. does not otherwise name. 
That the colouring is not intended as an adulteration, I feel 
quite sure. It is given to suit the capricious taste of the 
foreign buyers, who judge of an article used as a drink by 
the eye instead of the palate. You well know how little the 
London dealers, even now, like the yellowish appearance of 
uncoloured green tea. The Americans, a few years since, 
carried the dislike even further than the English, and there- 

* Three Years Wandering in the Northern Provinces of China. By Robert 
Fortune. 
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fore the Chinese merchant had scarcely a chance of selling 
his tea, unless he gave it a ' face^ that would suit their fancy. 
The small quantity of the colouring matter used, must pre- 
clude the idea of adulteration as a matter of profit." Mr J- 
Beeves states, "that in the East India Company's time, 
gypsum and Prussian blue were sometimes used upon hyson 
teas, Tien Hing using the first on his pale, bright hyson ; 
Lum Hing, the latter on his dark, bright leaf; but these 
were only in minute quantities just sufi&cient to produce a 
uniform face." 

It is still a question of interest, which I before alluded to, 
whether the gypsum in its calcined state, is not used for the 
absorption of the last portions of moisture, and allowing the 
tea the better to withstand the damp of the sea voyage. 
Through the kindness of Dr Royle, I have received, since my 
last communication, a sample of green tea from the Kemaon 
district, in the Himalayas, which is quite free from any facing, 
as are also the green trees of Java, a large number of which 
I have had the opportunity of examining, and which are 
exceedingly clean and genuine in their appearance and 
character. 

On Black and Green Teas. 
Although the preparation of green and black tea firom the 
respective plants, the Thea Firidis and the Thea Bohea^ has 
been warmly advocated by many botanists ; yet it is now, I 
believe, pretty generally admitted by all parties, that both 
green and black teas can be, and are made indiscriminately 
from the same parcel of leaves, taken from the same species 
of plant. It is also well known to all persons, that the in- 
fusions from these teas, have marked differences of colour 
and of flavour, and that the effects produced on some con- 
stitutions by green tea, such as nervous irritability, sleepless- 
ness, &c., are very distinct from those of black tea. Their 
characteristic physical differences are too well known to re- 
quire any comment, but they have peculiar chemical proper- 
ties to which we shall have occasion to allude more particu- 
larly presently, and which have always been attributed by 
chemists to the effect of high heat in the process of manu- 
facture. 
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The question presents itself then — ^from whence do those 
distinguishing peculiarities arise, and to what are they to be 
attributed % From observations made in other directions, in 
the course of the routine work of the establishment to which 
I am attached, I had formed in my own mind certain con- 
clusions on this subject — I allude to the exsiccation of medi- 
cinal herbs ; these are for the most part nitrogenous plants, 
as the Airopa belladonna, the Hyoscyamus niger, the Conium 
maculatum, and others. The plants are brought to us by the 
growers or collectors from the country, tied up in bundles, 
and when they arrive fresh and cool, they dry of a good 
bright green colour ; but, on the contrary, it is found that if 
they are delayed in their transit, or remain in a confined 
state for too long a period, they become heated, from a species 
of spontaneous fermentation, and, when loosened and spread 
open, emit vapours, and are sensibly warm to the hand ; 
when sudi plants are dried, the whole of the green colour is 
found to have been destroyed, and a red bronm and sometimes 
a Mackish'brown result is obtained. I had also noticed that a 
clear infusion of such leaves evaporated carefully to dryness 
was not all undissolved by water, but left a quantity of brown 
oxidized extractive matter y to which the denomination Apothene 
has been applied by some chemists; a similar result is obtained 
by the evaporation of an infusion of black tea. The same action 
takes place by the exposure of the infusions of many vege- 
table substances to the oxidizing influence of the atmosphere ; 
they become darkened on the surface, and this gradually 
spreads through the solution, and on evaporation the same 
oxidized extractive matter will remain insoluble in water. 
Again, I had found that the green teas, when wetted and 
re-dried, with exposure to the air, were nearly as dark in 
colour as the ordinary black teas. From these observations, 
therefore, I was induced to believe that the peculiar charac- 
ters and chemical differences which distinguish black tea 
from green, were to be attributed to a species of heating or 
fermentation, accompanied with oxidation by exposure to the 
air, and not to its being submitted to a higher temperature 
in the process of drying, as had been generally concluded. 
My opinion was partly confirmed by ascertaining from parties 
conversant with the Chinese manufacture, that the leaves 
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for the black teas were always allowed to remain exposed to 
the air in mass, for some time before they were roasted. Mr 
Ball, in his valuable work* on the manufacture of tea, has 
described in detail the whole routine of these interesting 
processes, fiilly confirming my preconceived opinions, and of 
which I cannot. do better than give you a summary. Some 
of the facts, I believe, had been published in Batavia in 1844, 
by Mr Jacobson,t in the Dutch language. In the preface to 
his work, Mr Ball says : " It will be seen, by dates inci- 
dentally adverted to, that the facts and most of the materials 
of this work, were established and collected thirty years 
ago." — " These facts, as well as other materials, were de- 
rived from conversation with growers and manipulators from 
the tea districts ; from written documents furnished by the 
Chinese ; from published works in the same language dili- 
gently sought out; and also from correspondence with a 
Spanish missionary long resident in the province of Fokun. 
These were all put into their present form full twenty years 
ago, and were read to one or two friends during my resi- 
dence in China.'* — ^^ They were not, however, so arranged, 
with any view to immediate publication." — " They were thus 
disposed as the best mode of recording and keeping together 
the facts and materials I had collected.'* — ^^ But it was not 
till the year 1844, when I received Mr Jacobson's Hand- 
book on the cultivation of tea in Java, that I found my own 
views so far confirmed, and my information such as to justify 
me in bringing my labours to a close." 

The processes peculiar to the preparation of black tea, are 
styled Leang-Ching, To-Ching, and Co-Ching, and these all 
consist in carefully watched and regulated processes of apon- 
taneous heating^ or slow fermentation of the leaves, until a 
certain degree of fragrance is developed. The leaves are 
said to wither and give^ and become soft and placid. The 
utmost care, practical skill, and experience is required in 
the properly conducting these operations, and as soon as 
the proper point is arrived at, the leaves are to be imme- 

* An Account of the Cultivation and Manufacture of Tea in China. By 
Samuel Ball^ Esq. 

t Ilandbock v. d, Kull en Fabrik v. Thee. 
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diately removed to the Kuo or roasting-pan. After being 
roasted and rolled two or three times, they are then to be 
dried, and this is effected in the Poey-long, which consists 
of a cylinder of basket-work, open at both ends, and covered 
on the outside with paper ; it is about 2^ feet in height, and 
1^ in diameter, which diameter is diminished in the centre, 
like an ordinary dice-box, to one foot and a quarter* This 
stands over and round a small charcoal fire, and is supplied 
with cross-bars about fourteen inches above the fire, on which 
an open sieve containing the tea is placed; and a small 
aperture, about an inch and a half in diameter, is made in 
the centre of the tea with the hand, so that an ascending 
current of air and the products of the combustion pass through 
and over the tea contained in the sieve. A circular, flat 
bamboo tray is placed partially over the mouth of this cylin- 
der, and most probably serves to regulate the rapidity of the 
ascending current, prevent the admission of the cold air to 
the leaves, and at the same time allow a sufficient outlet 
for the generated watery vapours and the products of com- 
bustion* At the commencement of this operation, the moist 
leaves are still green and retain their vegetable appearance ; 
after the drying has continued about half an hour, the leaves 
are turned, and again submitted to the heat for another half 
hour ; they are then taken out, rubbed and twisted, and after 
sifting away the small dust, again returned to the sieve and 
drying tube. This operation of sifting is very necessary, to 
remove any of the small tea or dust which might otherwise 
fall through the meshes of the sieve on to the fire, and the 
products of their combustion would deteriorate and spoil the 
flavour of the tea* The leaves have now begun to assume 
their black colour; the fire is diminished or deadened by 
ashes*; and the operation of rolling, twisting, and sifting, is 
repeated once or twice until they have become quite black in 
colour, well' twisted, and perfectly dry and crisp* They are 
then picked, winnowed, and placed in large quantities over a 
very slow fire for about two hours, the cylinder being closed. 
Now, that this black colour is not owing to the fire is evi- 
dent ; for in cases mentioned by Mr Ball, where the leaves 
have been dried in the sun, the same colour is obtained ; and 
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on the other side, if roasted first, without the process of fer- 
mentation or mtherin^^ and then finished in the Foey-Iong, a 
kind of green tea is produced. 

In the operations for the manufacture of green tea, on the 
contrary, the freshly-picked leaves are roasted in the Kuo at 
once, without delay, at a high temperature ; rolled and 
roasted again and again, assisted sometimes with a fanning 
operation to drive off the moisture ; and always with brisk 
agitation until the drying is completed. 

The marked differences in the mode of manufacture of 
black and green tea, will, I consider, after what has beea 
stated, fully account for all the variation of physical and 
chemical properties to which I have before alluded. 

Adulteration and Sophistication of Teas. 

Since writing my former paper, several teas have come 
under my notice, which must be classed under this head. * The 
first I shall mention is a sophistication which has been car- 
ried on in this country to some extent, and consists in giving 
the appearance of green tea to an imported black tea. The 
material used, as the bodies for this process of manufacture, 
is a tea called scented caper ; it is a small closely-rolled 
black tea, about the size of small gunpowder^ and, when 
coloured, is vended under this latter denomination, the differ- 
ence in price between the scented caper and this fictitious 
gunpowder being about Is. per lb., a margin sufficient to 
induce the fraud. This manufacture has been carried on, I 
understand, at Manchester, and was kept as secret as pos- 
sible ; and it was only after considerable trouble that some 
of my friends succeeded in obtaining two different specimens 
for me, that could be fully depended on, as originating in this 
manufactory. It appears that it is generally mixed with 
other tea, so as to deceive the parties testing it. How this 
manufacture was conducted, I am not prepared to say ; but 
some preparation of copper must have been employed, as the 
presence of that metal is readily detected in the specimens I 
received. I believe, however, that this sophistication has 
ceased. 

I have now to call your attention to another adulteration 
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of the most flagrant kind. Two samples of tea, a black and 
a green, were lately put into my hands by a merchant for 
examination, the results of which he has allowed me to make 
public. The black tea was styled scented caper ; the green, 
gunpowder : and I understand they are usually imported into 
this country in small chests called catty packages. The ap- 
pearance of these teas is remarkable ; they are apparently 
exceedingly closely rolled, and very heavy ; the reasons for 
which will be clearly demonstrated. They possess a very 
fragrant odour. The black tea is in compact granules, 
like shot of varying size, and presenting a fine glossy lustre 
of a verff black hue. The green is also' granular and compact, 
and presents a bright pale bluish aspect, with a shade of 
green, and so highly glazed and faced that the facing rises 
in clouds of dust when it is agitated or poured from one 
vessel to another; it even coats the vessel or paper on 
which it may be poured. On examining these samples, in the 
manner described in my former paper, to remove this facing 
I was struck by the tenacity with which it adhered to the 
surface, and which I had never remarked in any previous 
sample, requiring to be soaked for some time in the water 
before it could be detached ; with this precaution, however, 
the greater part of the facing material was removed. It 
proved, in the case of the sample of green tea, to be a pale 
Prussian blue, a yellow vegetable colour, which we now know 
to be turmeric, and a very large proportion of sulphate of 
lime. The facing from the sample of black tea was per- 
fectly black in colour, and on examination was found to consist 
of earthy graphite or black lead. It was observed, that, 
during the prolonged soaking operation, to which these teas 
had been submitted, there was no tendency exhibited in either 
case to unroll or expand, for a reason which will be presently 
obvious.— -One of the samples was therefore treated with hot 
water, without however any portion of a leaf being rendered 
apparent. It increased in size slightly, was disintegrated, and 
then it was found that a large quantity of sand and dirt had 
subsided ; this was separated by decantation and collected ; 
it was found to amount to 1*5 grains from 10 grains of the 
sample, or 15 in the 100 parts. It was evident, however. 
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that much of the lighter particles must necessarily have been 
lost in the process of decantation. A weighed quantity of 
the sample was therefore carefully calcined, until the ash was 
quite white, and the whole of the carbonaceous matter burnt 
off; it yielded a result equivalent to 37'5 on the 100 parts. 
During this operation also, no expansion or uncurling of the 
leaf, as is generally to be observed when heat is applied to a 
genuine tea, was seen ; in fact, it was quite evident that 
there was no leaf to uncurl, the whole of the tea being 
in form of dust. The question next presented itself as to 
how these materials had been held together, and this was 
readily solved ; for, on examining the infusion resulting from 
the original soaking of the sample, abundant evidence of gum 
was exhibited. 

The sample of green tea was of a precisely similar kind to 
the black ; it yielded 4*55 grains of ash, &e., from 10 grains 
of the specimen, or 45*5 per cent. A specimen of Java gun- 
powder yielded 5 per cent, of ash ; so that we have in this 
sample 40*5 per cent, of dirt and sand over and above the 
weight of ash yielded by the incineration of a genuine tea. 

Thus we have then in these samples a mixture of tea -dust 
with dirt and sand, agglutinated into a mass with a gummy 
matter, most probably manufactured from rice-flour, then 
formed into granules of the desired size, and lastly, dried 
and coloured, according to the kind required by the manu- 
facturer, either with black lead, if for black tea ; or with 
Prussian blue, gypsum, or turmeric, if intended for green. 

Since examining these two samples, I have obtained, 
through a friend, another specimen of green tea, having a 
very difi^erent appearance ; that is, better manufactured, or 
rather, I should say, more likely to deceive the consumer, 
from its being made to imitate an unglazed tea. It is of a 
yellowish-green colour, scented and granulated as the former 
samples, and not much dusted ; it yielded 34 per cent, of 
ash, sand, and dirt. 

On inquiry, I have learnt that about 750,000 lbs. weight 
of these teas have been imported into this country within the 
last eighteen months, their introduction being quite of modem 
origin ; and I understand that attempts have been made to 
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get them passed through the Customs as manufactured ^oods, 
and not as teas, — a title which they certainly merit, although 
it must be evident, from a moment's consideration, that the 
revenue would doubtless be defrauded, inasmuch as the 
consumer would have to buy them as teas from the dealer. 
It is to be feared, however, that a market for them is found 
elsewhere. The Chinese, it appears, will not sell them except 
as teas, and have the candour to specify them as lie teas ; 
and if they are mixed with other teas of low quality, the 
Chinese merchant gives a certificate stating the proportion 
of the lie tea present with the genuine leaf. This manufac- 
ture and mixing is evidently practised to meet the price of 
the English merchant. In the case of the above samples, 
the black is called by the Chinese, lie flower caper ; the^reeuy 
lie gunpowder ; the average value is from 8d. to Is. per lb. 
The brokers have adopted the curious term, gum and dusty as 
applied to these lie teas or their mixtures, a cognomen which 
at first I had some difficulty in understanding, from the rapid 
manner in which the two first words were run together. 

I may subjoin the results obtained from the careful incine- 
ration of a variety of teas, as they may be interesting, for the 
purpose of comparison, and illustrate the point I have men- 
tioned as to these spurious teas being mixed with genuineones. 

Gunpowder Tea, made in Java, gave 5*0 grains of ash in the 100 parts. 
Gunpowder, during the East India Company's Charter, Q'5 „ 
Kemaon Hyson . . . . . 5.0 „ 

Assam Hyson, ..... 6*0 „ 

Lie Gunpowder, No. 1, . . . . ^^'^ ,» 

No. 2. 

Scented Caper, , , . , \ 5'5 „ 

Lie-flower Caper, .... 37'5 „ 

Mixtures containing these lie teas, No. 1, . 22' 5 „ 

Do. do. No. 2, . 11-0* „ 

* To those interested in the natural and economical history of tea, we recom- 
mend " The Valoahle Keport on the Government Tea Plantations in Kumaon 
and Gurwahl — containing an account of the process of manufacture of hlack 
and green teas ; method of treating the tea plant ; and a short description of the 
implements used in the manufacture. By William Jameson, Esq., Superintendent 
Botanical Gardens, North West Provinces, India. Vide vol. vi., Part ii. 
Journal of the Agricultural and Horticultural Society of India, Calcutta 
1848."— ^(^rt. Phil, Jour. 
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On the Geological Structure and Relations of the Frontier 
Chain of Scotland, By the Rev. Professor Sedgwick, 
F.R.S., &c. 

I. — General Remarks on the Chain. 

This chain, as is well known, extends from St Abb's Head, 
on the east coast, to the Mull of Galloway, on the west coast 
of Scotland, and it reappears, with identical mineral compo- 
sition and in the line of its strike, on the east coast of Ire- 
land. Whatever, therefore, may be proved respecting the 
general relations of the chain in Scotland, must apply to, at 
least, a considerable portion of the prolonged chain- in the 
north of Ireland. 

Leaving out of account all igneous and intrusive rocks, the 
chain is essentially composed of a peculiar form of grey- 
wacke, often coarse, and sometimes, though rarely, passing 
into a very coarse conglomerate, not unlike some of the con- 
glomerates among the old rocks of South Wales. These hard, 
coarse beds, alternate indefinitely with a peculiar soft, earthy, 
and often pyritous alum-slate, which frequently has undergone 
such compression and induration that it passes into an earthy 
flagstone, and more rarely into a pretty good roofing-slate ; 
but in no instance is the slaty structure distinct from the 
stratification in any quarries that are worked for use. 

From one end of the chain to the other the beds are highly 
inclined, strike generally in the mean direction of the chain, 
and are thrown into contortions and undulations. The great 
protruding granitic masses never form any true mineralogical 
centre, though producing, as might be expected, considerable 
local derangemients, local changes of structure ; and, in a few 
instances, they are accompanied, near their junction, with 
the phenomena of mineral veins. The axis of the chain, the 
centre of the vast undulations, seems to be very ill defined ; 
and the difficulty of determining this point is greatly increased 
by the bogs and extensive vegetable accumulation by which 
the sections are much covered. 

The author crossed the chain in 1841 with Mr J. Carrick 
Moore (now one of the Secretaries of the Geological Society 
of London) ; and in 1848 he again crossed it, both on the 
western coast line and on two other traverses, in the hopes 
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of determining (on the principles laid down by Professor 
Rogers of America) the line from which the undulations had 
originated. He also (being himself crippled in 1849) em* 
ployed Mi: John Ruthven in making out a detailed section on 
the line of the railroad from Carlisle to Edinburgh (carefully 
noting the steep sides of the successive omdulations), and in 
collecting fossils. The evidence of the coast sections of St 
Abb's Head, the author has not examined personally since 
1830, and dares not, therefore, pronounce any decided opinion 
on their bearing on the question of the mineral axis of the 
chain. On the whole of the evidence he, however, proposes 
(not without much doubt and hesitation) to separate the chain 
into the following groups, beginning with the lowest. 

II. — Successive Groups in ascending order, 

(1.) A great group, always in a highly inclined position 
(and often so nearly perpendicular that it is very difficult 
to know whether we are reading off the details in an ascend- 
ing or descending order), in which a pyritous alum-schist 
abounds, sometimes so much that the coarse, hard, arenaceous 
beds become subordinate to it. In other places the schist 
becomes subordinate, indurated, and passes into a coarse 
slate or flagstone. The group ranges from the neighbour- 
hood of Lockerby till it is succedeed by a superior group 
(north of Moffat) on the line of the railroad. It stretches 
into the high hills connected with Hart Fell, and into the 
ridges forming the water-shed of the Moffat water and the 
Yarrow. But its limits to the north-east and south-west 
are not ascertained. Through the alum-slates of this group 
(the Moffat Group) are innumerable graptolites, well pre- 
served, and of many species. Its whole thickness is great, 
but the estimate is made difficult by the undulation. 

(2.) A great arenaceous group with bands of earthy flag- 
stone and coarse slate, a part of which is well exposed in 
numerous undulations, in the cuttings of the railroad. The 
author thinks that this second great group passes into 
Peeblesshire and the upper part of the valley of the Tweed, 
and that it thence extends to St Abb's Head. He wishes 
also (but not without hesitation and a very inadequate evi- 
dence) to spread this group through a considerable part of 
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the coast of the Mull of Galloway, and over the great pro- 
montory of Barrow Head. If this view be correct, the grap- 
tolite bands on the shores of Loch Ryan, and in other parts 
of Wigtonshire, must be referred to this group. He states, 
however, that this great group is provisional, and very ill- 
defined, and that it may admit hereafter of new subdivisions, 
and a more definite arrangement. 

After examining the valley of the Tweed, the author is 
very doubtful about the true place of the slate beds (with 
innumerable impressions of annelides), at Thorneyley on the 
Tweed, and of the slates of Grieston near Innerleithen (which 
contain many fine graptolites, as well as impressions of fucoids 
and annelides) ; but he puts them provisionally in this second 
group. 

Two miles north of Peebles are some concretionary calcar- 
eous bands, associated with very coarse conglomerates of 
considerable thickness, and containing a few obscure traces 
of encrinites ; and about two miles farther north are some 
brecciated beds with veins of quartz and calc spar ; and asso- 
ciated with them are slaty and more earthy bands, with con- 
cretions of rottenstone and calcareous veins. These beds 
are perhaps but a repetition of the conglomerates last noticed, 
for the whole system undulates, and is very highly inclined. 
Traces of calcareous bands appear also on the hills above 
Stobo House farther up the Tweed, and they finally are seen, 
along with a well-defined bed of limestone, at Wrae quarries; 
and in another quarry on the south bank of the Tweed, at 
Pretsell, near Drummelzier. 

The associated beds near these two old quarries are made 
up of very coarse grey wacke, of shale with calcareous concre- 
tions, and of one subordinate bed of limestone, varying from 
ten or twelve to twenty feet in thickness. The calcareous 
shale with concretions is almost identical with similar shales 
above noticed to the north of Peebles ; and a line drawn from 
the calcareous bands north of Peebles to Wrae and Pretsell 
quarries, is very nearly in the strike of the country. The 
author is anxious to put this calcareous range nearly on the 
same parallel with the limestones of the Stincher, while he 
admits that the physical and zoological evidence to prove 
this point is at present defective, especially as it is difficult to 
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procure a good series of organic remains from this limestone. 
The author procured a few fossils from it ; but a much better 
series has already been described by Professor Nicol. 

(3.) South Girvan Group. — This is a very complicated 
group, and though spread over a very wide surface by repeated 
undulations between Girvan and the valley of the Stincher, 
is of great thickness. The most remarkable beds are in the 
valley of the Stincher, and are composed of hard arenaceous 
bands, sometimes passing into very coarse conglomerate ; 
and associated with them are calcareous shale and masses of 
concretionary limestone of considerable thickness, which, in 
the lower part of the Stincher, are nearly continuous. They 
are well seen at Clonmell, Daljeric, and Aldens ; also north 
of the valley on the Knockdolian estate, and at Loch Tor. 
Farther up the valley of the Stincher the same series (of 
limestones, shales, and conglomerates) is seen at Barr, and 
along the Gregg water. The conglomerates contain fossils 
and limestone bands. North of Barr is the Craigwell lime- 
stone, underlaid by calcareous concretionary shale, and a 
great conglomerate two or three hundred feet thick ; and a 
little above the limestone is a conglomerate with a calcareous 
band about seven feet thick. Lastly, on the road a few miles 
south of Straiten, is a limestone twelve feet thick, imbedded 
in a conglomerate. This Stinchard limestone is the most im- 
portant calcareous zone among the rocks of the chain ; and 
it is probably overlaid in its further range towards the N.E. 
by the carboniferous series of Dumfriesshire. 

The coarse conglomerates remind us of some very coarse 
conglomerates associated with the Llandeillo series in some 
parts of South Wales. That the Stincher limestone is re- 
peated in almost vertical undulations at Knockdolian farm 
and Loch Tor, is, the author thinks, undoubted ; he thinks, 
also, that the same may be said of a limestone that appears 
on the neighbouring coast, near Bennan Head, associated 
with dark indurated shale conglomerate. 

Still higher in the group here described (at Ardwell, on 
the coast south of Girvan) are hard, greenish-grey, coarse 
flagstones, with graptolites, and orthoceratites (of a Trenton 
limestone species). The whole series forming this third 
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group ends (as seen on the shore near Girvan) with a great 
mass composed of greenish arenaceous slate in thin bands, 
alternating with greenish bands of hard quartzose sandstone, 
and occasionally with irregular beds of conglomerate, much 
contorted here and there, but on the whole dipping N.W., at 
a ffreat angle. The beds last noticed are erroneously coloured 
in M'CuIloch's map as old red sandstone. 

(4.) North Girvan Group. — This last (and the author 
thinks the highest group on the north flank of the chain) rises 
from beneath the carboniferous rocks of Girvan water above 
I)alquharran, into a rudely dome-shaped mass about three 
miles long, and extends to a great concretionary and highly 
inclined mass of limestone at Craig Head, which is near the 
S.W. end of the group. This limestone is associated with, 
and partly penetrated by, a great mass of trap ; and its struc- 
ture is partly metamorphic, so that good fossils can only be 
procured from its more earthy associated beds. The whole 
group (to which the limestone seems subordinate) is overlaid 
by trap rocks, by the carboniferous rocks of the coast of Ayr- 
shire, and partially also by the conglomerates of the old red 
sandstone. It seems also to be underlaid by indurated shales 
and flagstones, which contain numerous trilobites. Its pre- 
vailing character is, however, that of a shelly limestone, like 
that which in South Wales separates the Llandeillo flag from 
the tile-stone and the old red sandstone; and this is the 
geological place which the author gives it, both on what he 
considers good physical and zoological evidence. 

(5.) Balmae Group, — Under this name is included a group 
of rocks which, near Balmae farm, bound the S.E. extremity 
of Kirkcudbright Bay. The group is essentially composed 
of a hard, coarse, and thick bedded greywacke, alternated 
with flagstone in thin beds, and with thick masses of indu- 
rated slate, containing septaria and other calcareous con- 
cretions. In some of these beds are numerous graptolites, 
and associated with the calcareous concretions were corals, 
orthoceratites, and shells, both bivalves and univalves. The 
fossils are not easy to procure ; but a good series submitted 
to the Geological Society of London by Earl Selkirk was 
collected by Messrs Underwood and Fleming, and they ap- 
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peared to belong to a deposit of the age of the Wenloek 
shale. Knowing this apparently decisive zoological evidence, 
the autiior went round Barrow Head and some other parts 
of the neighbouring coast, in the hopes of seeing some phy* 
sical evidence for the existence of an upper group ; but he 
was disappointed. The rocks along the neighbouring coast 
have the average character of the rocks he includes in the 
second group of the chain. They are very highly inclined, 
and thrown into great undulations, and the Salmae group is 
involved in these undulations without any material change 
of structure that (independently of fossil evidence) would in 
any way suggest the existence of a new and upper group, 
A little way along the coast towards the N.E., these rocks 
are overlaid by the old red sandstone ; and still further to 
the N.E., beyond the old red sandstone, calcareous bands 
appear among the slate rocks, but apparently without fossils^ 

.HI. — Concluding Remarks. 

In concluding this summary the author remarks, that the 
chain above described is the true connecting link between 
the older rocks of England and Scotland. In comparing it 
with the Grampian chain, we have hitherto been deprived of 
all fossil evidence ; but a careful examination of the zone of 
unaltered slates, that is packed between the metamorphic 
slates of the Grampians and the old red sandstone, might 
lead, perhaps, to the discovery of graptolites ; and graptolites 
are foundxin all the groups of the frontier chain, from the 
highest to the lowest. 

Granite breaks out in (at least) five places in the frontier 
chain. Three are laid down (though very inaccurately) in 
M*Cullooh's map ; a fourth was found by Mr J. C. Moore, on 
the western shore of the Mull of Galloway ; and a fifth mass 
(as shown by Mr Stevenson) breaks out to the north of Dunse, 
near the junction of the greywacke and the old red sandstone. 
It is clear, that these masses form no mineralogical centre, and 
that we have no reason to attribute the great undulations of the 
chain to their immediate agency, but to some more widely act- 
ing cause. Enormous masses of trap, sometimes associated 
with trappean breccias and conglomerate (and generally un- 
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marked on the geological map of Scotland), break out in 
various parts of the chain from one end of it to the other, 
and sometimes pass into a form of serpentine. Many dikes^ 
both felspathic and angitic, are seen in the cli£Pis and quarries ; 
and we occasionally find bands of porphyry alternating with 
the slates ; but in no instance did the author find any good 
example of that singular combination of porphyry, trappean 
shale (schaalstein), and slate, which gives such an impress 
to the higher mountains of Cumberland. 

This fact explains the great difference in the features of 
the neighbouring Scottish and Cumbrian chains, and may 
perhaps help us in explaining the almost entire absence of 
slaty cleavage in the former. 

The lowest fossils in the two chains appear to be grapto* 
lites. To this fact the author's attention was often called ; 
but he does not pretend to identify the pyritous Mo£Fat slates 
with the Skiddaw slates. The present evidence is not suf- 
ficient to bear out such a conclusion ; and the whole of Mofiat 
group is only provisional. 

On the second group he, from defect of evidence, makes 
no comparative remarks. The South Girvan group is com- 
pared with the Bala and Coniston limestone. The North 
Girvangroup is compared with the grits and shelly sandstones 
which overlie the Llandeillo limestone. The evidenceforthese 
conclusions will be found in the following list of fossils. 

The Balmae group is arranged provisionallg as the fifth and 
highest, on evidence formerly laid before the Geological So- 
ciety of London ; but from physical evidence, as well as from 
the list of fossils, which (with the kind assistance of Messrs 
Underwood and Fleming) he derived from the shores of 
Kirkcudbright Bay, the author would rather place this Balmae 
group on a lower parallel, and perhaps lower than the Stincher 
limestone. 

Lastly, the author remarks, that the Grampians had pro- 
bably their greatest elevation after the period of the old red 
sandstone, which is of enormous thickness and thrown off 
vertically from the older rocks of the chain ; but the undula- 
tions and principal elevations of the frontier chain were pro- 
duced before the deposit of the old red sandstone. For the 
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old red sandstone, with a comparatively low angle of inclina' 
tion, rests on the edges of the older rocks, and runs up the 
deep bays and hollows of the frontier chain ; and (as shewn 
by Mr Stevenson) in one or two instances, passes almost con- 
tinuously through it. Similar phenomena are seen among 
the mountains of the great Cumbrian group, which were pro- 
bably elevated contemporaneously with the frontier chain of 
Scotland. 

This chain does not appear to have undergone any great 
elevation during the whole carboniferous epoch ; for the new 
red sandstone, after this epoch, plays the same part that was 
before played by the older red sandstone, viz., it rests uncon- 
formably on the older rocks, and runs up their deep indenta- 
tions and hollows, sometimes so as almost to traverse the whole 
chain, a fact which has led to much misapprehension and many 
false colours on the Scotch geological map, on which the old 
and new red sandstone have often been confounded. 

List of Organic Remains, By Professor M^Coy. 
Firsts or Moffat Group, 
Graptolites Sagittarius , Lam. ; G. tenuis^ Port. ; G. convo- 
lutus. His. ; G, millipeda, M*Coy, n. s. ; G. loUferuSy M*Coy, 
n. s., common ; G. Sedgmickii^ Port. ; Diplograpsus rectangu- 
laris, M*Coy, n. s., common ; D.pristis, common ; D. folium, 
His. ; Protovirgularia dichotoma^ M*Coy. Localities.^ — East 
and west of the road from Lockerby to Moffat, Hart Fell, 
Moffat "Water Head, &c. 

Second Grov/p, 

Mgrianites tenuis, M*Coy, common ; Graptolites tenuis, 
Port. ; G, Sedgwickii, Port. ; G, Ludensis, Murch. Locality. 
— Grieston, on the Tweed. Crossopodia Scotica, M*Coy, very 
common. Locality. — Thomeyley, on the Tweed. Diplo- 
grapsus mucronatus. Hall (Diplograpsus is a new genus pro- 
posed for the double-celled Graptolites ;) D. sextans. Hall, 
very common (an XTtica slate species) ; D. pristis, His. Lo- 
cality. — Cairn Ryan. 

Third, or South Girvan Group, 

Orthis (large species allied to 0. flab€llum\ very common ; 
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Orthocerae^ traces of; lUcsnus latus, M'Coy. Locality. — 
Wrae on the Tweed. Murchisania angustata, Hall, Ohazy 
limestone species; Ecculiomphalua SeoHcus^ M'Coy; Ortkis 
conftnis, Salt, common ; Illwnus lotus, M'Coy ; Maclurea magna^ 
Le Sueur, a Ghazy limestone species. Locality. — ^Aldens on 
the Stincher. Orthoceraa annellatum. Hall, a Trenton lime- 
stone species ; Or this ? simplex, M*Coy ; Graptolites, traces of. 
Locality. — Ardwell on the Stincher. Orthis confinis. Salt, ; 
Orthis a species allied to undulata* Locality. — Oolmonel on 
the Stincher. Orthoceras politum, M'Coy ; Orthis testudi- 
naria, Dal. ; O. simplex, M*Ooy ; Leptmna sericea. Sow. ; 
Trochus lenttcularis. Sow* Locality. — Glenquhapple, Upper 
Stinchard. Atrypa hemispherica, Sow. ; A,, pulchra. Sow. ; 
Tentaculites annulatus, Schlot. ; PHlodictya (Stictopora) costu- 
lata, M*Coy. Locality. — Half a mile east of Girvan. 

Fourth, or North Girvan Orovp, 

Ecculiomphalus ScoHcus, M^Goy; Bellerophon dilatatus. 
Sow. ; Murchisonia cancellatula, M'Coy ; M. simplex, M*Coy ; 
Euomphalus tricinctus, M*Coy ; Trochus moorii, M*Coy ; T. 
helicites. Sow. ; Modiolopsis semisulcata, Sow., sp. ; Orthis re- 
versa. Salt. ; 0. testudinaria, Dal. ; O. ^losa ; Atrypa hemi- 
spherica, Sow., and some new species ; Illanus Bosenbergii, 
Eich. ; Calgmene diademata, Bar. ; C tuberculosa. Salt.; Paloeo- 
pora subtilis, M*Coy ; P. tubulosa, M*Coy ; P, favosa, M*Coy ; 
Petraia cequisulcata, M*Coy ; P. subduplicata, M*Coy ; PHlo- 
dictya (Stictopora) costulata, M*Coy. Localities. — ^Dalquharran, 
Mulloch, Drum Muck, &c. Maclurea macromphala, M'Coy, 
very common ; Palceopora favosa, M*Ooy ; Atrypa, n. s. ; 
Leptama, allied to altemata, Trenton limestone species ; Or- 
this, allied to pectinella, Trenton limestone species. Locality. 
— Craig Head Quarry* 

Fifth, or Balmae Group, 

Murchisonia, allied to Jf. gracilis, a Trenton limestone 
species ; Orthis lynx, Eich., var. ; Leptoena altemata, Tren- 
ton limestone species ; Orthonota inomata, Fhill. ; GraptoUtes 
Sagittarius, Linn. ; C Ludensis, Murch. 
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On the Value of the Shells of Mollusca, for the purpose of 
distinguishing Species and Higher Groups, By Professor 
C. B. Adams. 

The following remarks contain little that is new ; on the 
contrary, their object will require allusion to very familiar 
facts. For this, I hope that a sufficient apology may be 
found in the, at least, apparent diversity of views which exist 
in relation to this subject. 

On the one side, conchologists are said to have no regard 
to the inhabitants of the shells which they admire ; on the 
other hand, a heterogeneous class of writers publish their 
own opposite opinion that shells are of no more consequence 
in natural history than the fur of quadrupeds, or even the 
clothing or houses of men. 

We cannot avoid an expression of dislike to the phrase 
*' inhabitants of shells," as applied in science to MoUusca. 
There would be an obvious propriety in it, if applied to her- 
mit crabs (Paguridae), since they have no organic connection 
with the shells which they occupy. But there is such a con- 
nection between the soft parts and the shell of a MoUusca, 
that neither alone constitutes an individual being, but the 
whole together constitutes one animal. It would be no more 
absurd, in scientific language, to denominate birds the inha- 
bitants of feathers, and mammals the inhabitants of fur or 
wool, &c. The term " the animal," which is frequently used 
for the soft parts only, is liable to the same objection, — ^that 
these parts alone do not constitute an animal. We fully 
admit, however, the propriety of these terms as figurative 
language, and would therefore by no means entirely discard 
them. 

A writer in the Zoological Journal of London has consi- 
dered the question. Whether the shell or " the animal" is 
entitled to the name of the species ! and suggests that two 
names are necessary ! This would be like giving one name 
to the bones and another to the flesh of a quadruped. But 
whether we call a skeleton a mammoth, or apply a specific 
name to a shell, there is no danger of being misunderstood; 
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we neither intend to give the shell the monopoly of its name, 
nor to say that the mammoth never had any *' soft parts." 
In organic nature, individuality resides in the whole being 
only, and is the specific individuality to which the name be- 
longs. 

That conchologists do" not regard the soft parts of the ani- 
mal, is partly untrue and partly excusable. 

In the case of amateur collectors, who value the shells for 
their beauty or rarity only, it is obvious that " the animals " 
have no other means of gaining the attention of this class of 
persons, except as their shells commend them to notice. The 
tendency, therefore, of amateur collections, in this, as in other 
branches of natural history, is favourable. Many who begin 
as amateurs, become scientific. If they do not, we yet find 
them availing themselves more or less of the results of Ma- 
lacology for the arrangement of their shells, and in various 
ways encouraging the progress of investigations, in which 
inclination or circumstances do not permit them to engage. 
We protest, therefore, against the application to such col- 
lectors of any terms of disparagement, but would honour 
those whose hours of recreation, after the fatigues of busi- 
ness, are occupied with the enjoyment and study of the beau- 
ties of nature. 

With the conchologists, properly so called, there is no 
ground for any imputation. Either by personal examination 
of the soft parts, or by availing themselves of observations 
made by others, every possible use is made of the anatomy 
of the animals, while their habits and geological distribution 
are probably as well known as those of any invertebrated 
animals, unless, perhaps, insects should be excepted. If a 
conchologist should in these days classify shells as univalves, 
bivalves, and multivalves, and separate the Testacea from 
the naked MoUusca, he would indicate a contempt for the 
animal. * If he should suppose that the position in which shells 
were once placed for description, upside down, and sideways, 
is that in which locomotion is effected, it might be said that 
he had much to learn. So far, however, is conchology from 
disregarding the soft parts, that there is in some quarter 
even a tendency to undervalue the shell. 
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The study of shells is important, on account of the facili^ 
ties which they furnish for learning the extent of the depart- 
ment of the MoUusca. Of the 16,000 or 20,000 species which 
have been described, the soft parts of only a small minority 
have been described^ and of a very large majority, the shells 
only have been seen by naturalists. I only allude to the value 
of this subject to geology, and. to the utility of a division of 
labour in the study of the details of natural history. 

The proposition which I intend to illustrate is this : that 
the value of the shells of Mollusca, as a source of distinctive 
characters, commencing at zero for the entire department, 
increases as we descend through the less comprehensive 
groups (pot, of course, in a uniform ratio, but irregularly), 
until we arrive at the species, which may be amply distin- 
guished by the shells only. 

That the shells are of no value for the purpose of distin- 
guishing the department of Mollusca, is evident from the 
multitude of naked Mollusca. 

In the first subdivision into classes, they begin to be of 
some value. The class Brachiopod^* is distinguished by two 
valves, one dorsal and one ventral ; the Oonchifera always 
by two lateral valves ; and the Tunicata, which otherwise 
much resemble the Oonchifera, are naked. But of the Gas- 
tropoda, some are naked and others are not, and some have 
shells, which can be distinguished from those of the class of 
Articulata only when we descend to the characters proper to 
genera and species. Of the Pteropods, also, which some re- 
gard as entitled to the rank of a class, many are naked, but 
the rest have peculiar shells. While a large majority of the 
existing Cephalopoda are naked, the shells of the testaceous 
species (if we include Argonauta) agree only in character9 
which are common to those of the Gastropoda, although 
easily distinguished in the genera. But if, with Mr Gray, 
we regard Argonauta as the shell of a Ga*stropod, similar to 
Oarinaria, the testaceous species have a well-marked charac- 
teristic in being polythalamous. 

It is very obvious, therefore, that the shells begin to be of 
some value in the first subdivision into classes, since of the six 
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classes two are wholly testaceous, and may be distinguished 
not by the shells alone, but by their position on the soft parts ; 
and three are partly testaceous, of which two may be dis- 
tinguished by their shells, so far as they are testaceous. 

In the orders, we find their value not much increased. The 
two orders of Brachiopoda are distinguished by a single cha- 
racter of the shells, namely, the presence or absence of arti- 
culation between the valves. This is not the basis of their 
ordinal classification, which would be artificial if founded on 
one character, but it is an index of differences which charac- 
terize the entire animals. 

The two Lamarckian orders of Conchifera are separated 
on account of a difference in their soft parts, namely, the 
number (whether one or two) of the adductor muscles, which 
character is clearly indicated in the shells of all the families 
except in the Tridacnidae, where the approximation of the 
two muscles presents the appearance of a single impression. 
In the Mytilidse, which have several adductor muscles, some 
of which are inconspicuous, the defect in the ordinal cha- 
racter of the soft parts is itself indicated in the shells. In 
Mr Gray's list of the Genera of Recent MoUusca five orders 
of Conchifera are enumerated. I have not seen them cha- 
racterized, but it is obvious from their genera that ordinal 
characters cannot be found in the shells. The two orders of 
Pteropoda in Mr Gray's list, as in several other authors, are 
indicated by the presence or absence of a shell, although the 
classification of MoUusca in that elaborate and excellent 
paper was designed to include all the modifications that were 
suggested by an examination of the soft parts of 5000 species. 

The two Lamarckian orders of Gastropoda, Gastropoda 
proper and Trachelipods, each contain both naked and testa- 
ceous moUusca; but, with some important exceptions, the 
shells in each order may be distinguished. Mr Gray's five 
orders of this class cannot be distinguished by ordinal cha- 
racters of the shells. 

In the three orders of Cephalopoda one is indicated by 
the shells of Nautilus. The other two orders, including 
Argonautidse, contain each one testaceous genus, with many 
naked genera, but these testaceous genera are widely different. 
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K we modify Mr Gray's system by dividing the Brachio- 
poda into two orders, and by regarding Argonautidae as the 
shell of an Octopod, we have (including the Tunicata) seven- 
teen orders, of which two are naked, ten are wholly testa- 
ceous, and five are partly testaceous. But of the fifteen 
which are more or less testaceous, only five are easily sepa^ 
rated by ordinal characters in the shells, and the others are 
distinguished with more or less difficulty. In descending 
to the families we find the value of the shells much greater 
than in the orders. - Here will I limit my remarks to the 
families in Mr Gray's list of genera, both to avoid unneces- 
sary detail, and because they are constituted with more re- 
gard to the soft parts than those of any other classification. 

In the class Cephalopoda the two testaceous genera (Argo- 
nauta being excluded from the class) constitute as many 
families, which are, therefore, amply indicated by their shells. 
In the first order of Gastropoda, Pectinibranchiata, Mr 
Gray makes five families, of which three, Strombidae, Volu- 
tidse, and CyprseadsB, are easily distinguished by their shells ; 
but the family Muricidaa embraces some species of Pleuro* 
toma and of Conus, whose shells are not easily distinguished 
by family characters from some of the Buccinidae. We are 
not aware, however, that the soft parts could be distinguished 
with any greater facility. This is an example of the grada- 
tion of types into each other. 

The second order, Phytophaga, contains twenty-five families, 
of which one, Atlantidae, is naked; Tecturidae (= LottiadaB) 
is not distinguishable by ordinal characters of the shells from 
PatellidaB in another order ; the Littorinidae, containing Sola- 
rium, cannot be distinguished from the Trochidae, which con- 
tains Phillippia ; and VermitidaB and Dentalidae so closely re- 
semble certain Annelides that it is doubtful whether any family 
characters can distinguish them. The remaining nineteen 
families may be distinguished by their shells with greater 
or less facility ; the difficulties, wher6 they exist, arising from 
gradation of types, not from a want of correspondence be- 
tween the shells and the soft parts. 

The third order, Pleurobranchiata, contains five families, 
with a remarkable intermingling of testaceous and of naked 

s2 
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genera ; yet the shells in each family are characterized with 
the greatest facility, as may be seen from the well known 
types of four of them, Sulla, Aplysia, Umbrella, and Cari- 
naria, with which last Mr Gray associates Argonauta. 

The fourth order, Gymnobranchiata, contains eight fa- 
milies, of which two are testaceous, the Patellidse and Chit- 
onidaB, which are amply distinguished by their shells, except 
that the former is too closely allied by its shells to Lottiadss, 
as above mentioned. 

The fifth order, Pulmobranchiata, consisting of the air- 
breathing Gastropoda, contains twelve families, of which ten 
are testaceous, and are easily distinguished by their shells^ 
except that Nanina is removed from the Helicidse, and placed 
with the ArionidsB. 

Although in the class Conchifera, the shells do not furnish 
good ordinal characters for the five orders of Mr Gray's list, 
yet all of the 42 families which are distributed through ttiese 
orders may be only distinguished by their shells. Also the six 
families of the Brachiopoda, and those four of the Pteropoda, 
which are testaceous, are easily distinguished by their shells. 

Thus, of the 95 testaceous families of Mollusca, 88, or 
more than 92^ per cent., are distinguishable by their shells. 

For the generic value of the shells we may take the results 
in Mr Gray's list, which is remarkable for its multiplication 
of genera ; 810 recent genera are recognized. Of these 152 
are naked, and 648 are testaceous.* Of the latter the shells 
of two genera are said by Mr Gray to be indistinguishable 
from certain Annelides ; and of seven others it is said to be 
impossible to characterize them by the shells only. This list, 
although small, is susceptible of reduction ; for M. Beshayes 
has pointed out the diflFerence between the shellsof Verme- 
tus and of Serpula ; and Dr Gould has discovered generic 
characters in the shells of Lottia, distinguishing them from 
Patella. Of 648 testaceous genera, 641 therefore may be dis- 
tinguished by their shells. This amounts nearly to 99 per cent. 
Although the soft parts of 5000 species of Mollusca, in- 
cluding both the naked and the testaceous species, are 
known, we are not aware of the existence of a single testa- 

* Here there is a mistake. — Edit. 
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ceous species, which is not distinguishable by the shell with as 
much facility as by the soft parts. The examples are very few, 
indeed, if any exist, in which the species are not recognized 
by their shells with much greater ease than by the soft parts. 

Of the 20,000 species of shells which are known, the spe- 
cific value of many is more or less doubtful. It is barely 
possible that a knowledge of the soft parts i^iU aid materially 
in determining such species. But this is not probable, since 
the difficulties arise from the graduation of the specific types 
into each other; which graduation is, therefore, likely to 
pervade the whole animal. 

A practical illustration of the value of the shells appears 
in the fact that Mr Gray, after examining the soft parts of 
5000 species, associated Argonauta with Carinaria, notwith- 
standing the well-known statements of Madame Power. 

The general proposition which we have thus endeavoured 
to illustrate, is only a part of a yet more general fact in or- 
ganic nature, that, in descending from the more to the less 
comprehensive groups, the characters which are proper to 
distinguish the groups are more and more perfectly and uni- 
formly diflTused through the parts of the entire being. We 
have been informed, oa the best authority, that the most 
kindred species of fishes may be distinguished by their scales 
only.' Species of birds may be distinguished by their feathers, 
or by their eggs. If we descend to individuals, nothing but 
observation is wanting to detect their peculiarities in each 
part of the entire being. 

We have thus far considered the subject practically ; that 
is, we have considered the utility of the shells of Mollusca 
in existing systems. A few words should be added on the 
principles which are involved. 

The principles involved in this subject are threefold ; as 
they belong to the structural relations of the shell, to its 
functional relations, and to its embryonic history. . On the 
latter we shall not ofifer any remark. 

The shells of Mollusca, having their origin in the skin, cor- 
respond, strictly, with the plumage of birds, the furs of mam- 
mals, and the scales of fishes ; in general, to the covering of 
vertebrated animals. The correspondence is exact so far as 
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it relates to the peculiarities of colour. But the details of 
form are more perfectly represented hy the skins of Ver- 
tebrata than by the shells of Mollusca. Yet most of the 
details of form in the soft parts, which are not moulded in 
the shells, are indicated by constantly associated characters. 

In their functional relations, shells are skeletons. They 
serve for the attachment of muscles, and the support of the 
soft parts. On this ground, therefore, we may claim for 
them a value similar to that of the skeletons of vertebrata, 
but admit the amount of the value to be less, on account of 
the greater simplicity of shells. 

It is, therefore, true that a collection of the shells of Mol- 
lusca corresponds to a collection of both the stuffed skins and 
the skeletons of vertebrata, but is of inferior value, both for 
the reasons just mentioned, and because their presence is not 
universal in their department. 

It is perhaps unnecessary to add that while we believe 
that the shells of Mollusca are sufficient for distinguishing 
species, we would not regard them as only the basis of species. 
This would be an artificial method, although in the results it 
would coincide with a natural method of classification. But 
the shells are partly the basis of, and partly the index to, 
specific characters. Professor Agassiz remarked that, as 
valuable as such investigations are at the present time, he 
would like to suggest the importance of a series of investi- 
gations into the relative value of the different parts of the 
p,nimal, but not a comparison, for this has long ago been done. 

It is the great advantage of embryology in this respect, that 
we are enabled to learn the real value of characters, for the 
purposes of classification. There is so much with common 
classification that is at the discretion of the naturalist, and 
which, therefore, has no real foundation, that it may be justly 
called artificial, while nature has afforded sufficient data in 
growth, to interpret her correctly. If we take Cuvier's clas- 
sification of the Mollusca, from which naturalists have not 
much deviated, we shall find that upon embryological data it 
cannot be carried out. This is illustrated in the cephalopods 
and gastropods, and Nature's own expression should be re- 
garded above the opinions of all men. I have examined 
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carefully the question of the value of the shell with these 
animals, and am satisfied that it is not much overrated, and 
that it is highly expressive of the intimate nature of the 
animal, because it is so closely connected with its organic 
functions. I find that in some species, those portions of the 
shell which have been regarded only as ornamental in their 
character, are of much value, because they are connected 
with the function of the Mantle. 

Professor Silliman alluded to a work of three large volumes, 
published several years since, upon a single species of Mollusc, 

by Count , in which the author stated his belief of the 

organic connection of the shell as he had first seen it de- 
posited in crystals. 

Dr Burnett alluded to an analogous fact, of the formation 
of bird's eggs, as it had been shewn that the shell first ex- 
isted in the shape of crystals, and these most probably inside 
the cells, so that the disposition of the inorganic matter was 
essentially connected with the organic life. — American Asso-^ 
ciation/or the Advancement of Science, for 1850. 

On the Structure of the Lunar Surface, and its relation to that 
of the Earth. By James Nasmyth, Esq. 

The subject was illustrated, in a discourse delivered to 
the British Association, at Edinburgh, in August 1850, 
by a series of drawings which the author has executed by 
the aid of a powerful telescope, which he has made for 
himself for the express purpose of following up his inves- 
tigations on the subject in question. These appear, from 
the drawings exhibited and the description given by Mr 
Nasmyth, to afibrd striking illustrations of the nature and 
action of some of those agencies which in remote periods of 
the earth's geological history has given to its surface many 
of its most remarkable features ; namely, as to the causes 
of volcanic action, the protrusion of igneous rocks, the up- 
heaving of mountain ranges, as well as the submersion of 
extensive portions of the earth's surface, all of which vast 
geological phenomena Mr Nasmyth appears to assign to a 
few grand and simple prime causes, resulting from the con- 
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solidation and alternate contraction of the crast and interior 
of the earth or moon, both of which planets appear to have 
originally been in a molten condition. 

After drawing attention to the vast number and magnitude 
of crater-formed mountains with which every portion of the 
moon's isurface appears to be covered^ Mr Nasmyth proceeded 
to give the reasons for the conclusion that these crater- 
formed mountains are really the craters of extinct lunar vol- 
canoes ; pointing out the frequent occuiTence of the central 
cone, the result of the last eruptive efforts of an expiring vol- 
cano, a feature familiar to all those who have observed vol- 
. canic craters on the earth's surface. This central cone Mr 
Nasmyth shewed to exist fti the majority of the lunar craters, 
and thereby drew the conclusion that they were the result of 
the same kind of action which has produced craters on the 
volcanoes of the earth. 

The cause of the vast numbers of such volcanic mountains 
with which the lifnar surface is bespattered was next con- 
sidered, and traced to the rapid consolidation and construc- 
tion of the crust of the moon, whose mass or bulk being only 
^th of that of the earth, while its surface is the tVth, has, 
in consequence of these proportions, radiating or heat dis- 
pensing surface four times greater than that of the earth in 
relation to its bulk. From this simple geometrical considera- 
tion Mr Nasmyth explained how it was that, by the rapid 
cooling and collapse of the crust of the moon on its molten 
interior, the fluid matter under the solid crust was by this 
'* hide binding" action forced to find an escape through the 
superincumbent solid crust and come forth in the great vol- 
canic actions which in some remote period of time have 
covered its surface with those myriads of craters and volcanic 
features that give to its surface its remarkable character. 

The cause of the vast magnitude of the lunar craters was 
next alluded to, and assigned, as in the former case, to the 
rapid and energetic collapse of the moon's crust on its yet 
molten interior. The action as regards the wide dispersion 
'''^^ of the ejected matter was enhanced by the lightness of the 
erupted matter, the force of gravity which gives the quality 
of fveiyht to matter on the moon as on the earth being very 
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much less on the surface of the moon than on the earth, so 
that the collapse action had to operate on material probably 
not half the weight of cork, bulk for bulk. 

The causes of those vast ranges of jnountains seen on the 
moon's surface were next touched on ; and Mr Nasmyth endea- 
voured to explain them by the continued progress of the col- 
lapse action of the solid crust of the moon crushing down or 
following the contracting molten interior, which, by the 
gradual dispersion of its heat would retreat from contact 
with the interior of the solid crust, and permit that to crush 
down and so to force that portion of the original surface out 
of the fvay^ and in consequence of this action assume the form 
and arrangement of mountain ranges. Mr Nasmyth, in illus- 
tration of this important action, adduced the familiar case of 
the wrinkling of the surface of an apple, by reason of the 
contraction of the interior, and the inability of the surface to 
accommodate itself to the change otherwise. The mountain 
ranges in question Mr Nasmyth considers to be nothing 
more or less than the material which in the original expanded 
globe formed the comparatively level crust of the moon. 

The fall of the unsupported crust on the retreating nucleus 
was described to yield a very probable explanation of the 
appearance of granitic and igneous centres of certain moun- 
tain ranges, as well as the injection of igneous rocks in the 
form of trap dykes and basaltic formations, which appear to 
have come forth in this manner from below the crust of the 
earth, and to have overlaid formations of comparatively very 
recent formation. 

The partial and gradual retreat of the molten interior or 
nucleus from the solidified crust was in like manner sug- 
gested as the most probable cause of the submersion of large 
portions of what had previously been dry land, causing, when 
on a comparatively small scale, ^' basin formations," and when 
on a vast scale, and with more sudden action, occasioning the 
influx of the ocean over the submerged. continent, the waters 
hurling along with them fragments of roc*k, denuding the sur- 
face of the submerged land, and scattering its surface with 
the wreck in the form of boulders^ gr(wel, sand, and clay. 
Mr Nasmyth suggests the above contracting theory to 
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the most earnest and careful attention of geologists, as the 
most probable and satisfactory explanation of the cause of 
those vast torrents, of which the boulder and gravel covered 
surface of Extensive districts of the earth yield the most 
striking evidence. Thus we have then, in this grand but 
simple action of the progressive collapse of the crust of the 
earth following down after the retreat of the contracting in- 
terior, the cause of those tremendous earthquakes, the evidence 
of which is so clearly indicated by faults and dislocated strata. 
The origin or cause of those bright lines which radiate 
irom certain volcanic centres on the moon's surface (Tycho, 
for instance) is alluded to, and illustrated by a very striking 
experiment of causing the surface of a globe of glass filled 
with water to collapse on the fluid interior by rapidly con- 
tracting the surface while the water has no means of escape. 
The result was the splitting or cracking up of the surface of 
the globe in a multitude of radiating cracks, which bear the 
most remarkable similarity to those on the moon. Mr 
Nasmyth further illustrated this subject by reference to the 
manner in which the surface of a frozen pond may be made 
to crack by pressure from beneath, so yielding radiating 
cracks from the centre of divergence where the chief dis- 
charge of water will take place, while simultaneously all 
along the lines of radiating cracks the water will make its 
appearance ; thus explaining how it is that the molten mate- 
rial, which had in like manner been under the surface of the 
moon during that period of its history, came forth simulta- 
neously up through the cracks, and appeared on the surface 
as basaltic or igneous overflow, irrespective of surface inequa- 
lities. Mr Nasmyth concluded his address by an earnest 
appeal to his geological hearers to test the correctness of what 
he had advanced, by a careful inspection of those vast natural 
records of the changes which the earth's surface has under- 
gone, of which our mountains, hills, and valleys, are the 
mighty monuments, and which shadow forth, in characters 
which science can ti*ace, past events of the most surpassing 
interest and grandeur, inasmuch as they are the evidences of 
the handiwork of the all-wise Creator, when preparing the 
earth for the advent of man. 
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On the Probable Relation between Magnetism and the drcula- 
tion of the Atmosphere, especially the Trade Winds, By M. 
F. Maury, Lieut. United States Navy. Communicated 
to the Hon. W. A. Graham, Secretary of the Navy.* 

The discoveries of Faraday in dia-magnetism are calcu- 
lated to guide me and to illuminate the darkness in which I 
have found myself so often surrounded, as I endeavoured to 
follow the " wind in his circuits" over the trackless wastes 
of the ocean. 

Oxygen composes one-fifth part of the atmosphere and is 
magnetic. 

The discovery that it is magnetic, presents itself to the 
mind as a great physical fact which is to serve as the key- 
stone for some of the most grand among the sublime and 
beautiful structures which philosophy is erecting for monu- 
ments to the genius of the age. 

The facts elicited from the Wind and Current charts, had 
already pointed me to the work of some agent whose oflGlce 
in the grand system of atmospherical circulation was neither 
understood nor recognized.t 

In following these facts to their legitimate conclusions, and 
in studying all the phenomena that these charts have succes- 
sively revealed touching the grand system of the distribution 
of moisture and the circulation of the atmosphere over the 
surface of the earth, I have often been induced to suspect 
that some other agent besides heat and the rotation of the 
earth on its axis, was concerned in the matter. 

Never suspecting the character of this agent, its foot- 
prints have at least been detected ; and there is reason to 
suppose that Faraday has discovered its lurking place to be 
in the oxygen of the atmosphere. 

These charts had enabled me to trace from the belt of 
calms, near the tropic of Cancer which extends entirely 
across the seas, an efflux of air both to the north and to the 

; V 

* Having been favoured by the author with a copy of this interesting docu- 
ment, already noticed by Professor Piazzi Smyth at page 103 of this volume of 
the Journal, we now lay it before our readers. 

t The charts here referred to could not, from their size, be introduced into 
the Philosophical Journal. 
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south ; and from the south side of this belt the air flows in 
a never-ceasing breeze, called the NE. trade winds, towards 
the equator. 

On the north side of it, the prevailing winds come from it 
also ; but they go towards the NE. They are the well known 
south-westerly winds which prevail along the route from this 
to England in the ratio of two to one. 

Now these last named winds are going from a warmer to 
a colder climate ; and therefore it may be supposed that na- 
ture exacts from them what we know she exacts from the 
air under similar circumstances, but on a smaller scale be- 
fore our eyes, viz., more precipitation than evaporation. 

Where then does the vapour, which these winds carry 
along, come from ] was one of the questions suggested by 
the charts. 

We saw that the air of which the NE. trade winds are 
comprised, and which comes out of the same zone of calms, 
as do these south-westerly winds, so far from being saturated 
with vapour at its exodus, was dry ; — ^the NE. trade winds 
are for the most part dry winds ; — we perceive that going 
from a lower to a higher temperature their evaporating 
powers were increased ; and they had to travel in their 
oblique course, towards the equator, a distance of near 3000 
miles ; that as a general rule they evaporated all the time, 
and all the way, and precipitated little or none on their route ; 
that they were not saturated with moisture until they had 
arrived fully up to the region of equatorial calms, a zone of 
constant precipitation. 

This calm zone of Cancer borders also, it was perceived, 
upon a rainy region. 

Where then does the vapour, which is here on the north- 
em edge of this zone of Cancer, condensed into rains — and 
where also does the vapour which the rain winds that flow out 
on the polar side of this zone — where 1 was the oft-repeated 
question, — does the vapour which is condensed into rains for 
the extra tropical regions of the north, come from ? 

It might possibly be taken up by the NE. trade winds ; 
and it might be the residuum, which, after supplying the 
equatorial calms with their rain, was carried up in the 
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ascending column of air there, and which residuum was 
brought back in the upper regions of the atmosphere by the 
current which we know perpetually blows up there, counter 
to the trade winds. 

We know that there is an upper current of perpetual 
winds from the equatorial to the tropical calms, — ^that the 
volume of air moved by these two upper currents, north and 
south, to Cancer and Capricorn, is equal to the volume that 
is felt on the surface, as the NE. and SE. trade winds. 

I knew of no law of nature which would forbid the suppo- 
sition that the air which has been brought down as the NE. 
trade winds to the equatorial calms, should, after ascending 
there, return by the counter and upper currents to the calm 
zone of Cancer, here descend and reappear on the surface as 
the NE. trade winds again. I knew of no agent in nature 
which would prevent it from taking this circuit ; but while I 
knew of no agent in nature that would prevent it from taking 
this circuit, I knew on the other hand, of circumstances which 
rendered it probable that such in general is not the course of • 
atmospherical circulation — ^that it did not take this circuit* 
I speak of the rule, not of the exceptions ; these are infinite, 
and for the most part are caused by the land. 

And I, moreover, knew of facts which greatly strengthen 
the supposition, that after arriving at the calms of Cancer 
and descending, the winds which have come in the upper 
regions of the atmosphere from the equator, do not return 
to the equator on the surface, but continue on the surface 
towards the pole. 

And these are the circumstances which favour the conjec- 
ture that the winds which flow in the upper regions of the 
atmosphere from the equator to the calms of Cancer,, do not, 
after arriving and descending in the midst of these, calms, 
turn about and go back to the equator with the NE. trades ; 
on the contrary, these are the facts and circumstances which 
give strength to the supposition that they continue on to- 
wards the pole, as the prevailing south-westerly winds of the 
extra tropical north : 

We have seen that on the north side of this calm zone of 
Cancer, the prevailing winds on the surface are from this 
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zone towards the pole ; in other words if s represent the total 
volume of atmosphere which blows on the surface towards 
the north on the polar side of Cancer, and the total 
volume which moves on the surface from the pole towards 
the calms of Cancer, then s being the rule, and the excep- 
tion, we shall have * ^ ^ ^, Therefore sf is the quantity 
which must return in the upper regions of the atmosphere 
from the Arctic regions to the calm zone of Cancer ; and if 
we take 8" as the quantity which comes from the equator in 
the upper regions of the atmosphere to this same zone of 
calms, we shall have the momentum of 8" equal to the mo- 
mentum of ^, as proved by nature in the fact that she has 
established near each tropic, a zone, or belt of calms. 

The Cancer zone of calms in the Atlantic ocean is known 
to American seamen as the " Horse Latitudes," from the 
circumstance that the vessels formerly engaged in carrying 
horses from New England to the West Indies, found it so 
difficult to cross this zone : they would often be detained in 
the calms for many days, during which time the large cargo 
of horses would exhaust the stock of water, become frantic 
with thirst, and to save a part, the rest would have to be 
thrown overboard ; hence the name of " Horse Latitudes" 
to the calms near the tropics of Cancer, and which I have 
called by the name of that sign. 

This is the place where the upper currents of air repre- 
sented by ^ and 5" meet ; they balance each other, produce a 
calm, and descend to re-appear as surface winds, one blowing 
to the north and the other to the south from this calm belt. 

Now sf could not bring the vapours here which form the 
rains that are precipitated between this calm belt and the 
polar regions, because sf had already performed the circuit 
as a surface wind between this zone and those regions ; it 
had been subjected to a temperature far below zero, and had 
given out all the moisture that a dew point so very low could 
extract from it ; and as it had returned in the upper regions 
of the atmosphere where it encountered no fluid surface to 
replenish it with moisture, it had no vapour on its arrival 
from the north at the calms of Cancer, to make rains of. 

Hence if sf returned to the north as a surface wind after 
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descending in the calm zone of Cancer, it would first have to 
remain a long time in contact with the sea, in order to be 
supplied with vapour enough to fill the great rivers and 
supply the rains for the whole earth between us and the 
North Pole. 

In this case we should have an evaporating region on the 
north as well as on the south side of this zone of Cancer ; 
but the charts shew no such region ; I speak exclusively of 
the ocean. 

Therefore I inferred that tf does not come out on the north 
side of this calm zone, but on the south side ; thence to take 
the circuit of the N£. trade winds, and to be replenished with 
vapour ; and if it be admitted that such is the general course 
of / it must of necessity be admitted that 8" must re-appear 
on the north side of this zone as the prevailing surface wind 
which precipitates on its way to the Arctic regions, the resi- 
duum or vapour that it has taken up in the trade- wind region, 
and brought from the equatorial calms. 

Moreover, if 8" have the vapour which by condensation is 
to water with showers the extra tropical regions of the 
northern hemisphere ; nature, we may be sure, has provided 
a guide for conducting d" across this belt of calms and for 
sending it on in the right way. Here it is that I saw the 
foot-prints of an agent whose character I could not compre- 
hend. It was this guide. 

Heat and cold, the early and the latter rain are not dis- 
tributed over the earth by chance ; they are dispensed no 
doubt according to design, and in obedience to laws that are 
as certain and as sure in their operations as the morning stars 
in their songs of praise. 

If there were really a general mingling in the calms of 
Cancer, of the atmosphere which comes from the north with 
that which comes from the south-— of the moist and the dry 
air as it descends here to the surface of the earth — ^if it de- 
pended upon chance whether the dry air should come out on 
this side, or on that, of the calms of Cancer ;— or whether the 
moist air should return whence it came or not ; — if such were 
the case in nature, we perceive that so far from any regularity 
as to seasons, we should have, or might have, years of droughts 
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the most excessive, and then again seasons of rains the most 
destructive; but so far from this we find for each place a 
mean annual proportion of both, that year after year is pre- 
served with remarkable regularity. 

Therefore, seeing reasons why s' and 5" should cross each 
other in the calms of Cancer, and seeing no reasons why they 
should not, I was led to the inference, that here probably is 
a node in the circulation of the atmosphere, where the wind 
from the north meets the wind from the south, and that eagh 
after a pause, continues on its course and returns again to 
complete his circuit. The fact, it appeared to me, was pro- 
bable, but the cause a mystery ; that is, did this crossing of 
currents not take place, here would be a barrier in the atmo- 
sphere : and we, the inhabitants of the extra tropical regions 
of the north, would have an atmosphere, between the calms 
of Cancer and the pole, always to breathe. 

Having thus shewn that there is no reason for supposing 
that the upper currents of air when they meet over the calms 
of Cancer and Capricorn, are turned back to the equator ; 
but having shewn that there is reason for supposing that the 
air of each current after descending, continues on in the 
direction towards which it was travelling ; we may go farther, 
and by a similar train of circumstantial evidence, afforded by 
the charts and other sources of information, show that the 
air moved on the surface by the two systems of irade winds, 
when arrived at the belt of equatorial calms, and having as- 
cended, continues on thence, each current towards the pole 
which it was approaching while on the surface. 

There is no reason for supposing that the atmosphere does 
not pass freely fi*om one hemisphere to another; on the 
contrary, many reasons for supposing that it does, present 
themselves. 

If it did not the proportion of land and water, and conse- 
quently of plants and warm blooded aiiimals being so different 
in the two hemispheres, we might imagine that the consti- 
tuents of the atmosphere in them would, in the course of ages, 
probably become different, and that consequently, in such a 
case, man could not safely pass irom one hemisphere to the 
other. 
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I CQnBid^*ed the manifold beauties in the whole system of 
terrestrial adaptation : — 1 reflected what a perfect and won- 
derful machine is this atmosphere : — how exquisitely balanced 
and beautifully compensated it is in all its parts, — we all know 
that it is perfect: — that in the performance of its manifold 
offices it is never once left to the guidance of chance, no, not 
for a moment:— therefore I was led to ask myself, why the 
air of the NE. trades when arrived at the zone of equatorial 
calms, should, after ascending, rather return to the north ^ 
than the south. Where a^d what is the principle upon which 
its course was decided. 

Here again I found circumstances which induced me to 
suppose it probable, that it neither turned back to the north, 
nor mingled with the air which came from the region of the 
SE. trades, ascended, and then flowed indiscriminately to the 
north or the south. 

But I saw reasons for supposing that what came to the 
equatorial calms as NE. trade winds, continued to the south 
as an upper current ; and that what had come to the same 
zone as SE. trade winds, ascended and continued over into 
tibe northern hemisphere as an upper current, bound for the 
calm zone of Cancer. 

And these are the principal reasons upon which this sup- 
position was based. 

At the seasons of the year when the sun is evaporating 
most rapidly in the southern hemisphere, the most rain is 
falling in the northern. Therefore I supposed that much of 
ihQ vapour which is taken up there is precipitated here. 

The evaporating surface in the southern hemisphere is 
greater, much greater than that in the northern : still all the 
great rivers are in the northern hemisphere, — ^the Amazon 
being regarded as common to both. And this, as far as it 
goes, is corroborative of the above. 

Independently of other sources of information, the charts 
taught me to believe that the mean temperature of the tropical 
regions was higher in the norUiem than in the southern he- 
misphere; for they shew that the difference is such as to 
draw the equatorial edge of the SE. trades far over on this 
side of the equator, and to give them force enough to keep 
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the NB. trade winds out of the southern hemisphere almest 
entirely. 

ConBeq^ently, as before stated, the SB. trade winde being 
in contact with a Qiore extended evaperating snrfaee, and 
continuing in contact with it for a longer time or through a 
greater distance, they would probably arrire at the tirade 
wind place of meetmg, more heayily laden with moisture than 
the others. 

Taking the laws and rate of evaporation into consideration, 
I could ftnd no part of the ocean of the northern h^nisphere 
from which, according to the indications, of the chartft, the 
sources of the Mississippi, the St Lawrence, and the other 
great rivers of our hemisphere could be suppUed. 

It appeared to me» therefore, that the extra^ tropical regions 
of ttie nQrthem hemisphere stood in the relation of a condenser 
to a grand steam machine, the boiler of which was in the 
region of the SB. trade winds, and that the trade winds of 
this hemisphere performed the like office fer the re^^s b^ 
yond Capricorn. 

The calm zone of Capricorn is. the duplicate of tiiat of 
Canc^, and the winds flow from it as they do from that : both 
north and south : with this difference, that ob the polar side 
of the Capricorn belt they prevai) from the NW. instead of 
the SW., and on the equatorial side from the SB., instead 
ofNB, 

Now if it were so, that the vf^pour of the NB. trade winds 
were condensed in the extra*trqpical regions of the southern 
hemisphere, the following path, on account of tiie etfsd of 
diurnal rotation of the earth upon the com«e of the winds, 
would represent the mean circuit o£ a portion of the atmo- 
sphere moving according to the general system of its circu- 
lation ever the Pacific ocean, viz. : coming down from the 
north as an upper current, and appearing on the suriace of 
the earth iu about longitude ISO"" W., and near the tropie of 
Canoer, it would here commence to blow the NB. trade winds 
of that region. 

Its course would be towards the equator somewhai in the 
direction of the King's Mill group of islands. Meeting no 
land in this long oblique track over the tepid waters of a 
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tropkal sea, ti would, somewhere to the east of these islands, 
8ime a4 {be belt of equatorial calms which always divides 
the NE. from tiie SK trade winda. 

Here depositing a portion of ha vapoior as it ascends, it 
would with the residuum take, cm account of dmmal rotation, 
a coarse in the upper regions 6f the atmosphere to tibe SB^ 
as far as the calms of Capricorn. Here it descenda and eon- 
tiBuea on towards the coast of South America in the same 
direction, appearing now as tiie prevailing NW. wind of the 
exira-tropical regions of the southern hemisphere. 

Travelling on tlie sur£Ebce from warmer to colder regions, 
it must, in this part of its circuit, precipitate more thsA it 
evaporates. 

Now this is the route by which, on account of the land in 
the northern hemiii^here, the NE. trade winds have the fairest 
sweep over that ocean. This is the route by which they are 
longest in contact with an evaporating surface ; the route by 
which all circumstances are mo«it favourable to complete 
saturation ; and this is the route by which they can pass over 
into the southern hemisphere, most heavily laden with vapours 
for the extra-tropical regions of that half of the globe ; and 
this is the supposed route which the NE. trade winds of the 
Padfie take to reach the equator, and to pass from it. 

Accordingly, if this process of reasoning be good, that 
portion of South America between the calms of CSapricom 
and Cape Horn, upon the mountain ranges of which this part 
of the atmosphere, whose circuit I am considering as a type, 
first impinges, ought to be a region of copious precipitation. 
I accordingly turned to the hyetography of Berghaus and 
Johnson, and find it stated on the authority of Captain King, 
that upwards of 12* feet of rain fell there in- 41 days ! 

Passing the snow-clad summits of the Andes, this same 
wind tumbles' down upon the eastern slopes of the range, and 
tiien traverses the almost rainless and barren regions of 
Fbtagonia and South Buenos Ayres. 

These conditions, the direction of the prevailing winds 
and the amount of precipitation were regarded as evidence 

* lf^3 inches. 
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afforded by nature, if not in favour, certainly not against th^ 
conjecture thi^t such had been the voyage of this vapour 
through the air. At any rate here was proof of the immense 
quantity of vapour which these winds of the extra-tropical 
regions carry along with them towards the poles, and I 
could imagine no other place than that suggested, whence 
these winds could get so much vapour. 

I am not unaware of the theory or of the weight attached 
to it,, which requires precipitation to take place in the upper 
regions of the atmosphere on account of the cold there 
irrespective of proximity to mountain tops and snow-clad 
hills. 

But the facts and conditions developed by these charts are 
in many respects irreconcilable with that theory. With a 
new system of facts before me, I have, independent of all 
preconceived notions and opinions, set about to seek among 
them for explanations and reconciliations. 

Arrived at this stage in the process of deduction and find- 
ing conformity, the next step was to trace back the vapour 
that supplies the sources of the Mississippi river and its 
tributaries with rains, to its place in the ocean whence it 
came. 

It rains more in the valley drained by that river than is 
evaporated from it again. The difference for a year is the 
volume of water annually discharged by that river into the 
sea. 

At the time and place that the vapour which supplies this 
immense volume of water was lifted by the atmosphere up 
from the sea, it was reasoned that the thermometer stood 
higher than it did at the time and place where it was con- 
densed and fell down as rain in the Mississippi valley. 

I looked to the south for the springs in the sea which 
supply the fountains of this river with rain. But I could not 
find spare evaporating surface enough for it in the first 
place ; and if the vapour, I could not find the winds which 
would convey it to the right place. 

The prevailing winds in the Caribbean Sea and southern 
parts of the Gulf of Mexico are the NE. trade winds. 
They have their offices to perform in the river basins of 
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tropical America, and the rains which they may discharge 
into the Mississippi valley now and then are exceptions, not 
the rule. 

The winds from the north cannot bring vapours from the' 
great lakes to maike rains for the Mississippi, for two reasons: 
firsts the basin of the great lakes receives from the atmo- 
sphere more water in the shape of rain than they give back 
in the shape of vapour. The St Lawrence river carries off 
the excess. 

Second^ the mean climate of the lake is colder than that of 
the Mississippi valley ; and therefore, as a general rule, the 
temperature of the Mississippi valley is unfavourable for 
condensing vapour from that quarter. 

It cannot come from the Atlantic, because the greater part 
of the Mississippi valley is to the windward of the Atlantic 
ocean. The winds that blow across it go to Europe with 
their vapours ; and in the Pacific, from the parallels of Cali- 
fornia down to the equator, the direction of the wind at the 
surface is from, not toward, the basin of the Mississippi. 
Therefore it seemed to be established with some degree of 
probability— or if that expression be too strong — with some- 
thing like apparent plausibility, that the rain winds of the 
Mississippi valley, as the general rule, do not get their 
vapours from the North Atlantic ocean, nor from the Gulf 
of Mexico, nor from the great lakes, nor from that part of 
the Pacific ocean over which the NE. trade winds prevail. 

The same process of reasoning which induced me to look 
into the trade-wind region of the Northern hemisphere for 
the sources of the Patagonia rains, induced me to look in the 
trade-wind regions of the South Pacific ocean, for the vapour 
springs of the Mississippi. 

I therefore last summer addressed a circular letter to the 
farmers and planters of the Mississippi valley, requesting to 
be informed as to the direction of the rain winds of each 
locality, and with the view of acquiring some idea as to the 
general hygrometric condition of the atmosphere, I asked 
also to be informed as to the kind and quality of fruits and 
the like. 

To this I have received the following replies : — 
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From J. M, Jannet/, Warren county ^ Ohio. 
Lat. 39° m N. ; Long. 84° W. 

Winds from the SW., with bat few exceptions, bring rain ; this 
18 the result of eleven and a half jears' obsenrations. 

Farm situated between the Miami rivers. There are no moun- 
tains nearer than the Cumberland and Alleghany ; the one lying in 
a SE. direction, and the other £. of this locality. The nearest 
point to these elevations is perhaps not short of 225 or 250 miles. 
Lake Erie, situated about 100 miles NE. of us, is the nearest sheet 
of water. 

The fruits are apples, pears, cherries, strawberries, raspberries, 
currants, gooseberries, quinces, and peaches. Grapes also thrive well. 
The products of the soil are maize, wheat, oats, flax, rye, and potatoes. 

I may observe, that the cold S. winds often prevail through the 
winter ; and during the spring cooly rather piercing NW. winds fre- 
quently assail us ; during the previJenoe of which drought is almost 
sure to exist. Snow-storms generally come from the SW., but oc- 
casionally we have a heavy storm of this kind from the £. To me 
it is obvious that the winds that bring us rain sweep through the 
great Mississippi and Ohio valleys in their course NE. ; that is, they 
are SW. winds. 

From Win. J. Payne^ near BtuhviUey Bush county^ Indiana. 
Lat. 39° SO' N. ; Long. 85° 30' W. 

The winds are various : the W. wind sometimes brings most rain 
during some years; but the SW. winds are most prevalent, and bring 
rain the greatest number of years. 

Fruits are, peaches, apples, pears, and cherries. 

Productions — ^Gorn, wheat, oats, rye, &c. 

From Lewis Moore^ CarrolUon^ Mississippi, 

Lat. 33° 30' N. ; Long. 90° W. 

On an average, the winds that bring us rain are the SW. Farm 

situated in a hilly district, some 150 miles from the sea-coast. 

The most common fruits are apples, peaches, &c., and melons in 

abundance. 

Agricultural staples are cotton, corn, oats, potatoes, &c. 

. From Turner Vattghan^ La GuardOj Tennessee, 
Lat. 36° SO' N. ; Long. 86° 80' W. 
Winds S, by W. bring the most rain, and WNW. the most 
storms ; the latter, however, are unfrequent here, and very partial, 
owing, perhaps, to remoteness from the sea. 

Whenever the lightning appears to linger in the N. at eventide, 
rain almost invariably follows speedily ; not so in S. 
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Farm situated twe&ty-fiv^ mileis above Nashville; surfaoe undulat- 
ing, abounding in limestone. Hemp and corn do well, tobacco also ; 
wheat and cotton inferior ; grapes tolerable. 

Fr&^ ^ThOmca M^tmmy AmeUa OQtmty, Vir^nia, 
Lat. 37"^ 2(y K. ; Long. IS"" W. 

Point of obseitvation about thirty miles WSW. from Richtnond. 

Pl«vaient winds itt spring, summer, and autumn, frotti SW., i^ain 
falling in showers during these seasons. Ghists and tornadoes, with 
black olouds, come from NW. in late summer ; protracted rains in 
^ring and fall come from NE. 

Prevalent winds in winter £. to W. northwardly. Eains and 
snows in winter from NE. Lowest observed temperature 6° Fahr., 
at sunrise, January 29, 1844; highest 97^ noon, in shade, 20th 
July 1844. 

These observations made for twenty years. 

From Willis Fawcetty St Charles^ Missouri. 
Lat. 39° N. ; Long. 90° 30' W. 

Wind from any point of the eastern half of the horizon will bring 
rain generally, after blowing twelve hours. It frequently happens 
that we have winds in a dry time to blow much longer, even several 
days, from that direction, without rain ; but on the wind's shifting 
to the opposite side, we are sure of rain. I think our rains during 
summer oome most frequently from the SE, Wind from the SW. is 
generally accompanied by good dry weather ; W. and NW. are dry. 
I have noticed that thunder and lightning in the N. is almost inva- 
riably followed here by storms of rain and hard wind within twelve 
or twenty-four hours. 

My farm is on an alluvial prairie plain (probably formed by the 
washings of the Missouri and Mississippi), six miles below St 
Charles. 

The apple is our main dependence. Peaches also flourish finely ; 
as do plums, cherries (except the black), strawberries, gooseberries, 
wild and cultivated. Wheat and com are the princi{»al ptoduptions. 
Timothy hay will soon be exported from our neighbourhood to a con- 
siderable extent. I cultivate wheat and com almost exclusively. 

ThuB shewing, as far as this evidence goes, that the 8W. 
winds— the winds suggested by the charts — are, except in 
Western Missouri, the rainy winds. These winds, like those 
between the same parallels upon the ocean, are going from 
a higher to a cooler temperature ; and these winds, in the 
Mississippi valley, not being in contact with the ocean, or 
with any other evaporating surface to supply them with 



Digiti 



zed by Google 



264 Lieut. Maary on the Probable Belation between 

moisture, must bring the moisture with them from some sea 
or another. 

Therefore though it may be urged, inasmuch as the winds 
which brought the Patagonian rains came direct from the 
sea, that they therefore took up their vapours as they came 
along ; yet it could not be so urged in this case ; and if these 
winds could pass with their vapours from the equatorial 
calms through the upper regions of the atmosphere to the 
calms of Cancer, and then as surface winds into the Missis- 
sippi valley, it was not perceived why the Patagonian rain winds 
should not bring their moisture by a similar route. These last 
are from the NW., from warmer to colder latitudes; therefore 
being once charged with vapours they must precipitate as they 
go, and take up less moisture than they deposit. 

This was circumstantial evidence. No fact had yet been 
elicited to prove that the course of atmospherical circulation 
suggested by my investigations is the actual course in nature. 
It is a case in which I could yet hope for nothing more direct 
than such conclusions as might legitimately flow from cir- 
cumstantial evidence. 

My friend Lieut. De- Haven was about to sail in command 
of the American expedition in search of Sir John Franklin. 
Infusoria are soihetimes found in sea-dust, rain-drops, hail- 
stones, or snow-flakes ; and if by any chance it should so turn 
out that the locus of any of the microscopic infusoria which 
might be found descending with the precipitation of the 
Arctic regions should be identified as belonging to the regions 
of the SE. trade winds, we should thus add somewhat to tfie 
strength of the very slender clue by which we were seeking 
to enter into the chambers of the wind and to " tell whence 
it cometh and whither it goeth." 

It is not for man to follow the " wind in his circuits," and 
all that could be hoped, was, after a close examination of all 
the facts and circumstances which these charts have placed 
within my reach, to point out that course which seemed to 
be most in accordance with them, and then having established 
a probability or even a possibility as to the true course of 
atmospheric circulation, to make it known and leave it for 
future investigations to confirm or set aside. 
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It was at this stage of the matter* that my friend Baron 
von Gerolt, the Prussian minister, had the kindness to place 
in my hand Ehrenberg's work, " Passat — ^Staub und Blut — 
Regen." 

Here I found the cluet which I hoped, almost against 
hope, De Haven would place in my hands. 

That celebrated microscopist reports that he found South 
American infus<H*ia in the blood-rains, and sea-dust of the 
Cape Verd Islands, — Lyons, Genoa, and other places.J 

Thus confirming, as far as such evidence can, the indica- 
tions of the ^' Wind and Current Charts,'' and increasing the 
probability that the general course of atmospherical circula* 
tion is in conformity with the suggestions of the charts as I 
had interpreted them, viz. : that the trade winds of the south* 
em hemisphere, after arriving at the belt of equatorial calms, 
ascend and continue in their course towards the calms of 
Cancer as an upper current from the SW., and that after 
passing this zone of calms, ihey are felt on the surface as 
the prevailing SW. winds of the extra-tropical parts of our 
hemisphere; and that for the most part they bring their 
moisture with them from the trade- wind regions of the oppo- 
site hemisphere. 

Continuing on towards the North Pole from the SW., they 
enter the Arctic regions on a spiral curve, continually lessen- 
ing the gyrations until, whirling about in a direction contrary 
to the hands of a watch, this air ascends and commences its 
return as an upper current towards the calms of Cancer. 

•It returns to this zone from the opposite direction, NE., 
by which it approached the pole. 

The atmosphere in this part of the circuit is moving in the 
direction called ^^ in a previous part of this paper. 

Arrived at the calms of Cancer, «' meets 8" in the upper 
regions of the atmosphere. 

They both descend — and the fact that the barometer stands 
higher here§ than upon any other parallel, shews that here 

« 

* See my letter to him, paper F ; also, paper read by me before the Ameri- 
can Association at its meeting in Charleston, March 1850. 

t Vide pfl^er F. } Vide paper G, " Passat— Staub, &c.," p.— 

§ Humboldt. 
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ihere is an increased atmospheric presaiire, caused in part 
by accumulation produced by the opposing forces of / and 8" ; 
and in part by the downward currents* 

Having descended, s' is forced out on the equatorial side 
of the zone and appears on the sur£Me as A — ^the NS. trade 
winds — and so continues until it reaches the belt of equa- 
torial calms. 

Here, then, is precipitation, an ascent of atmosphei^, and 
a fall of the barometer : A now becomes ^ or an upper cur^ 
rent flowing in a SE- direction^— 4.^., from NW. towards the 
sone of the calms of Capricorn. Here it is met by the upper 
current from the Antarctic regions, descends with a rise in 
the barometer again, and appears on the polar side of this 
sone of calms, as a' — the prevailing NW. surface winds in 
the extra-tropical regions of the southern hemisphere. 

A' now approaches the Antarctic regions in a spiral, 
gyrating with the hands of a watch, and contracting its con- 
volutions as it draws nearer dnd nearer the pole, where, 
theoretically, there is another atmospherical node in which 
A' ascends with a low barometer, and commences its return 
towards the equator as d' in the upper regions of tiie at- 
mosphere. 

The same cause — diurnal rotation — ^which made the A' on 
the surface to approach from the NW., now operates to make 
it return as d' in the direction whence it came. 

Arriving in the upper regions at the calm zone (^ Capri- 
corn d meets h' ; the two descend, and d' continues to flow 
in towards the equator as A', the SE. trade wind. 

Arrived at the zone of equatorial calms, it ascends, and 
continues thence in the upper regions of the atmosphere as h'\ 
until it reaches the calm zone of Cancer. Here it descends, 
and continues on as the SW. passage winds of the northern 
hemisphere, whose circuit has been already described. 

Thus, at the risk of repetition and of being thought tedious, 
I have described the progress which the wind and current 
charts had enabled me to make in the theory of atmosphe^ 
rical circulation ; and I have presented that theory as £bu* as 
it had been developed in my own mind, when I received yes- 
terday No. 1, vol. i., 4th series of the London, Edinburgh, 
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BsaA Dublin Riilosopfaical Magaeine and Journal of Science, 
containing a synopsis of Dr Faraday's *' Experimental Re- 
searches in £lectricity/v24tli, 25th, 26th, and 27th series; 
and also the letter of Prof. Von Feilitzsch on the Physical 
disHncHon of Magnetic and Diamagnetic Bodies, 

This acoount, though meagre, is the first account that I 
faaye seen of the Doctor's discoTeries relative to the mag- 
netism of the atmosphere. 

A new era in our knowledge of the laws and the agents 
concerned in the general system of atmospherical circulation 
will probably be dated from these discoveries. 

With the accounts of them before me, I feel somewhat in 
the condition of the tempest-tossed mariner who has been 
bufPeting with the waves in storm, clouds, and darkness, 
until he feels himself almost bewildered and lost in the mist 
that surrounds him ; when suddenly a light appears, and, like 
the grateful mariner, I wished, before taking a fresh de* 
parture, to bring up my reckoning, and to ascertain how far 
I was out, in order to shew how great was the service ren* 
dered by the sympathizing hand which put forth that light. 

Dr Faraday has shewn that, as the temperature of oxygen 
is raised, its paramagnetic force diminishes, being resumed 
as the temperature falls again. 

^< These properties it carries into the atmtosphere, so that 
the latter is, in reality, a magnetic medium, ever varying, 
from the influence of natural circumstances, in its mag- 
netic power. If a mass of air be cooled, it becomes more 
paramagnetic ; if heated, it becomes less paramagnetic (or 
diamagnetic), as compared with the air in a mean, or normal 
condition."* 

Now, is it not more than probable that here we have in 
the magnetism of the atmosphere that agent which guides 
the air from the south through the calms of Capricorn, of the 
equator, and of Cancer, and conducts it into the north ; that 
agent which causes the atmosphere with its vapours and in^ 
fusoria to flow above the clouds from one hemisphere into 
the other, and whose foot-prints had become so palpable ? 



* Phil. Mag. and Journnl of Science, 4th Series, No. 1, January 1851, p. 73» 
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With the lights which these discoveries cast, we see why 
that air which has completed its circuit to the whirl* about 
the Antarctic regions should then, according to the laws of 
magnetism, be repelled from the south, and attracted by the 
opposite pole towards the north. 

And when the SE. and the NE. trade winds meet in the 
equatorial calms of the Pacific, would not these magnetic 
forces be sufficient to determine the course of each current, 
bringing the former with its vapours of the southern hemi- 
sphere over into this by the courses already suggested ? 

This force, and the heat of the sun, would propel it to the 
north. The diurnal rotation of the earth propels it to the 
east, consequently it course first through the upper regions 
of the atmosphere, and then on the surface of the earth, after 
being conducted by this newly discovered agent across the 
calms of Cancer, would be from the southward and westward 
to the northward and eastward. 

These are the winds which, on their way to the north, 
JTom the South Pacific, would pass over the Mississippi 
valley, and they appear to be the rain winds there. Whence 
then, if not from the trade-wind regions of the South Pacific, 
can the vapours for those rains come i 

According to this conjecture, and not taking into account 
any exceptions produced by the land and other circumstances 
upon the general circulation of the atmosphere over the 
ocean, the S£. trade winds which reach the shores of Brazil 
near the parallel of Bio, and which blow thence for the most 
part over the land, should be the winds which, in the general 
course of circulation, would be carried towards northern 
Africk, Spain, and the South of Europe. 

They might carry with them the infusoria of Ehrenberg, 
but, according to this theory, they would be wanting in 
moisture. Now, these portions of the old world are for the 
most part dry countries, receiving but a small amount of pre- 
cipitation. 

Hence the general rule : those countries to the north of 
the calms of Cancer which have large bodies of land situated 

* " It whirleth about continvittWy.''— Bible, 
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to the southward and westward of them in the SE. trade- 
wind region of the earth should have a scanty supply of rain, 
' and vice versa. 

Now, the extra-tropical part of New Holland comprises a 
portion of land thus situated in the southern hemisphere. 
Tropical India is in its NE. trade-wind region, and should 
give it a slender supply of rain. But what modifications the 
monsoons of the Indian ocean may make to this rule, or what 
effect they may have upon the rains in New Holland, my in- 
vestigations in that part of the ocean have not been carried 
far enough for a decision. 

Taking up the theory of Ampere with regard to the mag- 
netic polarity induced by an electrical current, according as 
it passes through wire coiled with or coiled against the sun, 
and expanding it in conformity with the discoveries of Fara- 
day, we perceive a series of facts and principles which, being 
applied to the circulation of the atmosphere, make the con- 
clusions to which the charts have led me, touching the con- 
tinual " whirl" of the wind in the Arctic regions against^ 
and in the Antarctic rmth the hands of a watch^ very signifi- 
cant — ^much more so than I had supposed them to be. 

In this view of the subject We see light springing up from 
various sources, by which the shadows of approaching con- 
firmation are clearly perceived. One such source of light 
have we from the university of Greifswald, in Prussia. 

Likening the atmosphere with its magnetic spirals of oxy- 
gen to the coils of a wire, and the poles of the earth as the 
ends of the helix used by Professor Von Feilitzsch, we might 
almost fancy that he was experimenting expressly with the 
view of throwing light upon the general course of atmosphe- 
rical circulation. 

" If,'' says he in his letter to Dr Faraday, " we observe 
two such neighbouring particles near the external south pole, 
then will the more near repel a south pole with the intensity 
s ; the more distant will turn to a north pole with the inten- 
sity n', but in such a manner that n\s, - But outwardly these 
two excited magnetisms act with the difference of the power 
s — n^ ; but this is in one case south polar, consequently of 
the same kind as the exciting south pole. The contrary will 
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take place near the north pole, sa that the diseit^i^^Bd. 
netiam dUMbuted over the bar becomes south pokur on that half 
which is turned to the south pole, but north polar on^ Ike other 
half that is turned to the nor A pole. A substance where tya 
takes place ia diama§netic^ it places itself equatorial. 

" When the bar of a magnetic substance is so qiia]U&ed that 
the separating action of the molecules on each oth^ must h« 
taken into consideration^ then it can become so strong tbai 
the molecules in the middle of the substance are more strongly 
magnetic than towards the ends. If we observe once more 
two such particles near two such particles near the external 
south pole^ the south pole of the nearest will tend to recede 
by an intensity \ from this external south pole^lmtthe more 
distant will turn towards it a north pole of the inteiisky nl^ 
but in such a manner that »\^i^ Outwardly the two will 
act with the intensity fi\ — \y but this is north polar, there- 
fore of a contrary nature to the exciting south pole. The 
contrary will take place near the pole, so that the disenga^d 
magnetism distributed over the bar becomes north polar on the 
half that is turned to the south poiCj but south polar on thai 
half which is turned towards the north pole, A substanee 
where this takes place is magnetic^ it places itself axiaV^* 

, " Applying the former to the theory of Ampere, I waa 
startled because it has hitherto taught only that curx^its 
which are parallel and directed in the fi^mB way attract, but 
if they are parallel and not directed in the saiae manner 
they are repulsive ; therefore, that a current moving in the 
direction of the hand of a watch, in a spiral, produces a south 
pole on the entrance point in the spiral, but a north pole on 
the egression point. Hitherto, only such spirals have been 
constructed in which the current in every winding* shews an 
equal intensity." 

^' But I tried to arrange spirals of the following kiad:— 
one of them is in such a way constructed, that on two eoppmr 
wires are soldered to each of them, fifteen thin wires covered 
over with silk. The first vrinding backwards over the copper 
wire, }. 6., the first convolution of the helices, beginning at 
the end, and proceeding towards the centre, is with aU the 

* Page 48. 
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fifteen wires, the second winding is. only wound with four- 
teen threads, whilst the fifteenth is carried alimg the axis, 
&o* ; consequently every conyolution of the fifteen windings 
have a thread less, and the ends of all the other threads have 
direction of the axis. The ends of the fifte^i tbreads are 
soldered in the middle, and the two thick vrires without 
touching each other, are so bent that they can be suspended 
in the little cups (tf the apparatus of Ampere, then a current 
passing through tiie spiral will divide itself in such a man- 
ner that it is most strong on the external ends of the spiral 
but decreases more and more to the middle. If the windings 
of the spiral took place in the direction of the hand ei a 
waleh, Aen the end of it where the current enters will be- 
come a south polcy but a north pole kept parallel to the spiral 
wiU repel it, only the final convolution will be attracted, 
and it represents the disengaged magnetism of the final suiv 
£»oe. 

" A second spiral is wound like that described only with 
this difference tiiat the strongest convolutions are in the 
middle, and the feeblest near the ends. This spiral will be 
attracted by the north pole of a magnet over the half in 
whidbi the current moves at first or enters, but the other 
half will be repulsed by it. The third spiral has the winding 
the same strength over the whole extent ; it is indifferent to 
a magnet pole which is not too near, and only the final eon- 
volutions are attracted or repulsed. 

'* Therefore it is permitted to enlarge the theory of Am^ 
p^ in this manner : — 

« .«w If an electric current passes through a spiral in the 
direction of the hand of a watch, and, 

*' a If the cfurent is more feeble in every winding as it is 
nearer to the centre of the spiral, then that half is attracted 
by a south pole in which the current enters except the first 
winding. 

" b But if the current is stronger in every winding as it is 
nearer to the centre of the spiral, then that half is repulsed 
by a south pole in which the current enters, including the 
first winding. 

" The contrary will be the case for that half in which the 
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current leaves the helix, and likewise for^the * north pole of 
the magnet opposed.' " * 

Attentively considering the experiments of the Professor 
of Greifswald, we may trace an analogy between his spirals 
and the spirals which the currents of the wind in '^ his 
circuits" describe about the earth. At the south polar 
calms, the atmospherical spiral is with the hand of the watch» 
and as in the case of a spiral so wound about its helix ihe 
magnetism is south polar; and so, mutatis mutandis^ for the 
regions of north polar calms. 

May we not therefore look to find about the north and 
south magnetic poles these atmospherical nodes or calm re- 
gions, which I have theoretically pointed out there ? In other 
words, are not the magnetic poles of the earth in those at- 
mospherical nodes, the two standing in the relation of cause 
and effect, the one to the other 1 

And have we not a clue already placed in our hands, by 
which the motion of the circular storms of the northern he- 
misphere, which travel against, and those of the southern 
which travel with^ the hands of a watch, seems to be con- 
nected with the like motion of the wind of each hemisphere 
in its circuit about its pole ? and will not this clue, when 
followed up, lead us into the labyrinths of atmospherical 
magnetism for the solution of the mystery l 

Indeed, so wide for speculation is the field presented by 
these discoveries, that we may in some respects regard this 
great globe itself, with its " cups" and spiral wires of air, 
earth and water, as an immense << pile" and helix, which, 
being excited by the natural batteries in the sea and atmo- 
sphere of the tropics, excites in turn its oxygen, and imparts 
to atmospherical matter the properties of magnetism. 

Thus, though it be not proved as a mathematical truth, 
that magnetism is the power which guides the storm from 
right to left, and from left to right, which conducts the moist 
and the dry air each in its appointed paths, and which regu- 
lates the " wind in his circuits," yet, that it is such a power, 
is rendered so very probable, that the onus is now shifted, and 
it remains not to prove, but to disprove that such is its agency. 

* Page 49, 60, Phil. Mag. 
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On the late Periodical Visitation of the Aurora Borealis in 
North America. By Professor D. Olmsted. 

At the meeting of the American Association for the ad- 
vancement of Science, in August 1850, Professor D. Olmsted 
read an interesting Memoir on the Aurora Borealis, of which 
the following is an abstract. 

The leading object of this paper, the Professor says, is as 
follows : — 

1* To establish the/ac/, that we have just passed through 
an extraordinary period of auroras (to which I venture to give 
the name of Visitation)^ which commenced in 1827, and closed 
in 1848. 

2. To determine the characteristics by which these exhibit 
tions of the aurora differ from the ordinary exhibitions of the 
same phenomenon, and to place on record a full and accurate 
description of several of the most remarkable, as materials 
for comparison in future visitations. 

3. To establish, by an extensive collation of observations, 
the laws of the aurora borealis. 

4. To determine the origin of the aurora, and to assign the 
true cause of the phenomena. 

In order to establish the reality of the occurrence of an 
extraordinary visitation of the aurora within the period 
assigned, we first examine all the facts of the case, com- 
prising a complete history of the phenomenon for the period 
in question ; and, secondly, compare the exhibitions of this 
period with the ordinary displays of the aurora for the same 
length of time, attempting to prove that, during the period 
called a " visitation^' the auroras greatly exceed the ordinary 
exhibitions of the meteor, in number, in splendour, in pecu- 
liar combinations of form, and in a progression which marks 
a beginning, middle, and end. 

The laws of the aurora borealis, as determined by an 
extensive induction of facts, chiefly gathered from personal 
observations, we endeavour to shew to be the following,— 
comprehending both such as are generally admitted to be the 

veil. LI. NO. on. — OOTOBER 1851. u 
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leading facts, or laws, and such as are deemed somewhat new, 
or at least not universally received as established truths. 

1. Time of Occurrence. — ^An aurora of the first class usually 
occurs near the end of evening twilight, in the form of a 
northern light, resembling the dawn ; commonly arrives at 
its maximum between ten and eleven o'clock, and frequently 
a little before eleven ; and auroras of the highest order fre- 
quently continue all night, while those of an ordinary charac- 
ter commonly end before midnight. 

2. Material of the Aurora. — ^A great aurora is usually pre- 
ceded by a large bank, or cloud, of a peculiar vapour, differing 
in its nature from ordinary clouds, commonly exhibiting a 
milky appearance, but sometimes a smoky hue, or the two 
mixed together ; and the extent and density of this auroral 
vapour resting upon the northern horizon forms the best 
prognostic we have of the probable intensity of the exhibition 
which is to follow, composing, as we believe, the material of 
which the successive forms of the aurora are constituted. 

3. Auroral Waves. — The auroral waves, when peculiarly 
grand, make their appearance later than the streamers and 
arches, and usually later than the corona, continued to a later 
hour of the night, appear at a lower level than the streamers, 
and roll upwards, in the direction of the streamers, toward 
the point of general concourse. 

4. Extent. — Auroral exhibitions of the higher order are 
commonly of a great extent, spreading over no inconsider- 
able part of the earth's surface, and reaching to a great but 
variable height. 

5. Periodicity. — Auroras of the first class have three distinct 
forms of periodicity; a diurnal periodicity, commencing, 
arriving at their maximum, and ending at definite hours of 
the night, as already asserted ; an annual periodicity, rarely 
or never occurring in June, and the greatest number of the 
higher order clustering about November, these last bearing 
a striking resemblance to each other ; and a secular periodi- 
city, the most remarkable of all, recurring in great series 
which we have denominated " auroral visitations." The 
visitations most marked and best defined, occur at intervals 
of about sixty-five years, reckoning firom the middle of one 
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period to the middle of the next period, and last from twentj 
to twenty-two years, making the interval from the end of one 
to the beginning of the next about forty-five years. 

6. Belations to Magnetism, — While the forms of the aurora 
usually appear to be under the control of magnetic forces, 
yet this is not always the case, since the arches do not always 
culminate in the magnetic meridian, nor do they always place 
themselves at right angles to that meridian, nor does the 
efiect on the needle correspond to the different states of 
intensity of the aurora. 

7. GeographiccU Relations. — The aurora borealis has remark- 
able geographical relations, belonging chiefly to the higher 
latitudes, and only in the great visitations descending below 
the latitude of 40°, but descending lower on the western than 
on the eastern continent, and prevailing more in the northern 
than in the southern hemisphere. 

The foregoing seven propositions appear to embrace the 
most important facts respecting auroral exhibitions, and are, 
therefore, deemed to be, in the present state of our know- 
ledge, the laws of the aurora borealis. But we cannot rest 
satisfied to let this great visitation of the phenomenon, — 
which, in its whole progress and duration, we have enjoyed 
ftur opportunities of observing, — ^pass by, without an effort 
to assign its true origin, and to explain the causes of its 
mysterious phenomena. 

After thunder and lightning were first proved by Franklin 
to be caused by electricity, it was taken for granted, almost 
without discussion, that the aurora borealis was produced by 
the same agent ; and this hypothesis has still very numerous 
adherents. We endeavour, then, first, to shew that the 
aurora borealis is not produced by electricity. We argue,— 
1. That it is unsafe to infer an identity of origin from a 
resemblance between the aurora and certain appearances of 
electricity in passing through an exhausted tube, and that ' 
the resemblance itself is greatly overrated. 2. That such 
an origin is inconsistent with the great extent of the pheno- 
menon. 3. That electrometers do not indicate the presence 
of electricity in any unusual degree, during an aurora. 4. 
That these exhibitions are scarcely known in the equatorial 
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regions, where electricity is most abundant, and prevails 
most in the polar regions, where thunder and lightning are 
unknown. 5. That this cause is incompetent to account for 
the auroral vapour, the material of the aurora itself. 6. 
That the motions of the auroral vapour, in its corruscations, 
are too rapid to be caused by electrical attractions and repul- 
sions, but not sufficiently rapid for the electric fluid itself. 
Finally, That electricity is inadequate to account for the 
periodicity of the aurora, if not entirely inconsistent with the 
secular periodicity. 

But magnetism has more claims than electricity to be con- 
sidered as the true cause of the aurora borealis, since it is ac- 
knowledged that the forms and positions which the streamers, 
the arches, and the corona assume, are intimately related to 
magnetism, and that the magnetic needle itself confirms and 
establishes this relation. But this proves merely that the 
matter of the aurora has magnetic properties^ but decides 
nothing with respect to the origin oi the aurora, which is the 
principal thing to be accounted for; while magnetism, like 
electricity, is inadequate to account for the extent, for the 
light, for the motions, for the material, and especially for the 
periodicity of the aurora. 

Dissatisfied with the attempts which have been made to ac- 
count for the origin, or to explain the phenomena of the aurora, 
from either electricity or magnetism, or from any other 
cause of a terrestrial nature, we next look for the source to 
the planetary spaces, and arrive at the conclusion that the 
origin is cosmicaL 

The phenomena of the aurora belong, indeed, to the atmo- 
sphere since they are afiected by the earth's diurnal rotation ; 
but the source of the matter of which the meteor is composed, 
we hold to be derived from regions above the atmosphere. This 
distinction we deem to be of much importance in investi- 
gating a true theory of the aurora, viz., that the exhibitions 
are atmospheric, while the source or origin is cosmical. We 
therefore, inquire, first, at what height in the atmosphere the 
usual exhibitions take place ? We conclude that while some 
of the forms of the aurora, as the corona, are unsuitable for 
this investigation, being merely the eflPect of perspective, yet 
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there are other forms which may be used for parallax no 
less than a common cloud, as the upper line of a well-de- 
fined arch, or some single fragment of an auroral cloud, 
unconnected with other parts of the exhibition, and of a form 
so peculiar as to arrest the attention of observers at some 
distance from each other. From an extensive comparison of 
data, we arrive at the conclusion that the height of the au- 
rora is very variable, sometimes reaching an elevation of at 
least 160 miles, and at other times rising but little above 
the regions of the clouds ; still we attempt to prove that the 
testimony of Farquharson, that the aurora is sometimes seen 
below the clouds, is not conclusive ; nor that of Parry, Rich- 
ardson, and others, who have asserted that, in the Polar seas, 
auroras sometimes appear between the spectator and ice- 
bergs, at a little distance. 

It is required of a theory that it be a legitimate deduction 
of well-established truths ; and it is required of a hypo- 
thesis that it explain the leading facts, and that it be not in- 
consistent with any known facts, although its application in 
certain cases may not be readily perceived. An explana- 
tion which unites the characters of both, which is at once an 
inference from acknowledged truths, and which affords an 
adequate solution of the leading phenomena — such an ex- 
planation is deemed peculiarly worthy of confidence until a 
better can be proposed. In conformity with these principles, 
we endeavour, first, to infer the cosmical origin of the aurora 
borealis from known facts ; secondly, we investigate, as far 
as we can, the nature of the body, or bodies from which the 
material of the aurora is derived ; and, thirdly, we apply the 
theory thus formed to the general facts or laws of the pheno- 
mena. In the first place, we argue the cosmical origin of the 
aurora from the extent of the exhibitions, which is greater 
than could arise from any terrestrial emanations, or atmo- 
spheric precipitations ; from the velocity of the motions, which 
is too great for any terrestrial forces ; from the occurrence 
of the different stages of an aurora (the beginning, maximum^ 
and end) at the same hour of the nighty in places differing 
widely in longitude, — a fact which indicates that successive 
portions of the earth's surface, in the diurnal rotation, come 
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under the origin of the aurora situated in space; finaUy* 
from the periodicity of the exhibitions, — ^the diurnal, which 
shows a relation to the position of the sun with respect to 
xthe horizon, — ^the annual, which indicates a relation of the 
auroral body to the earth's orbit, — ^and especially the secular, 
implying a cycle, at the end of which the auroral body and 
the earth return to the same relative position in the heavens, 
while the very existence of such a periodicity takes the phe- 
nomena out of the pale of terrestrial, and places it within 
the pale of astronomical causes. In the second place, we 
infer that the auroral body, whence the material of the 
aurora is derived, is a nebulous body, consisting of exceed- 
ingly light, inflammable, semi-transparent, magnetic matter ; 
that it has a revolution around the sun ; that probably there 
are many such collections of nebulous matter diffused through 
the planetary spaces, each having a revolution and period of 
its own ; and that the phenomena of the aurora arise from 
one of those coming occasionally into the earth's sphere of 
attraction. In conclusion, we endeavour to shew that the 
cause here assigned and proved to exist is adequate to account 
for the leading facts of the case, as the great extent and 
velocity, the geographical position, the magnetic relations, 
and the periodicity ; while, in regard to the minor facts, it is 
inconsistent with none, although it may not be ready to ex- 
plain them all until all the modifying circumstances are fully 
understood. 

It may be remarked that there is, in my view, a great 
analogy in the origin of the aurora borealis and of meteoric 
showers. I hope hereafter to be able to develop this analogy 
more fully than can be done on the present occasion, and to 
investigate the question of any possible connection of either 
phenomenon and the zodiacal light. 



On a New Test/or Iodides, By David S. PfiiCE, Ph. D., F.C.S. 

Having in a preceding paper pointed out the principle 
on which the detection of nitrites by means of iodide of pot- 
assium and hydrochloric acid depend, I shall proceed briefly 
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to describe the application of nitrites for the detection of 
iodides, and at the same time give one or two instances of 
the practical application of the test in cases where the quan- 
tity of iodine is exceedingly small. 

The metiiod of employing the test is the following : — The 
Uqaid suspected to contain an iodide is mixed with starch 
paste, and acidified with hydrochloric acid, a solution of 
nitrite of potassa is then added, when, if much iodine be 
present, a dark blue colour will be instantly produced ; if a 
very small quantity only, as, for instance, the two or three 
millionth part, then a few seconds elapse before the blue 
colour makes its appearance. In this manner I have detected 
til® ¥,?rTri,ijTrTrth part of iodine dissolved in water as iodide of 
potassium. It will be seen that the test admits of a degree 
of delicacy not attainable by any of the other methods for 
detecting iodides, as well as being at the same time free 
from the disadvantages to which they are more or less subject; 
as, for instance, in the employment of chlorine, which, unless 
added very carefully to a liquid containing a trace of an 
iodide only, is almost sure to afford a negative result, from 
the chlorine combining with the iodine, and so preventing its 
acting on the starch. The same error may also arise by the 
use of nitric acid, should the suspected liquid contain a large 
amount of chlorides. 

I will now detail the two cases in which I have applied this 
test, in the one for the purpose of detecting iodine in cod liver 
oil, the object being to see how small a quantity of the oil 
would suffice ; in the other, for the purpose of detecting iodine 
in marine vegetation. One ounce of ordinary brown cod liver 
oil was saponified by a concentrated solution of caustic 
potash, and then carbonized in an iron spoon over an open 
fire ; the residue was removed into a covered porcelain cru- 
cible and strongly heated, so as efltectually to destroy all 
organic matter, and when cold, was digested with a small 
quantity of water and thrown upon a filter ; the filtrate being 
acidified with hydrochloric acid, was then mixed with starch- 
paste, and tested with nitrite of potassa, which almost imme- 
diately produced a pale plum colour. 

Sea- water contains so small an amount of iodine, that it is 
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exceedingly difficult to detect even a trace of it in the mother 
liquor, from several pounds of water. Minute as this quantity 
must be, it is nevertheless collected and assimilated by many 
marine plants, and the following experiment enables us to 
demonstrate its presence in their juices. If we take a thin 
transverse sectional slice of the stem of the Fucus lamtnaria 
digitata^ moisten it with a little starch-paste and dilute hy- 
drochloric acid, and examine it by the aid of the microscope, 
we shall, upon adding a drop of a solution of nitrite of potassa 
to the same, be able most distinctly to observe the formation 
of iodide of starch. The presence of an iodide may be shewn 
in a still more marked manner, by suspending the stem of 
the same plant in a dry atmosphere, when the surface, after 
the lapse of some hours or days, will become covered with 
numerous transparent crystals, which, on examination, will 
be found to consist principally of chlorides, but at the same 
time to contain so much of an iodine-compound, as to impart 
an intense blue colour to the test mixture. 

Many marine plants, when placed in a fresh state in contact 
with the test mixture, impart an orange colour to it, owing 
to the liberation of bromine. — The Quarter fy Journal of the 
Chemical Sodety^ vol. iv., No. 14, p. 155. 



Parallel between the Superficial Deposits of the Basin of Swit- 
zerland and those of the Valley of the Fo in Piedmont. By 
Dr Charles Martins and B. Gastaldi. 

1. Ancient Moraines (part of the Terrain Cataclystique t)f 
Necker).— In proceeding from the higher to the lower ground 
in both basins, we find great accumulations in the form of 
ridges, composed of erratic blocks, sand, angular gravel, of 
striated pebbles, derived from the Alps, and of loam (lehm), 
all mixed together, and without any trace of stratification, 
indicating the long existence of glaciers at the localitiesc In 
Switzerland, the towns of Berne, Zurich, Sursee, &c., are 
built on moraines ; also the moraines of Mont Sion, between 
Geneva and Annecy ; and, finally, the great moraine of the 
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ancient glacier of the Rhone, which extends from Fort de 
TEcluse to Soleure, along the eastern declivity of Jnra. In 
Piedmont, there is the moraine of Sivolri at the opening of 
the valley of Susa ; that of Ivrea formed the ancient glacier, 
which, descending from Mont Blanc, Mont Rose, and the 
mountain of Coyne, filled the valley of Aoste, and extended 
in the plain as far as Calosso. 

2. Scattered Erratic Formation (part of the Terrain Cata- 
clystique of Necker). — It is composed of gigantic angular 
blocks brought from the Alps, of gravel composed of stniated 
angular pebbles, and of lehm or glacier mud. These materials 
have been brought by the glaciers at the period of their 
greatest extension, and show that they had not long remained 
at the place where the materials are found. In Piedmont, 
the scattered erratic formation forms a band round the mo- 
raines, and is seen on the hill of Superga. In Switzerland, 
it covers all the plain from the Lake of Geneva to the Lake 
of Constance, and penetrates into the valley of Jura. 

3. Glacier Diluvium. — This great formation is formed of 
rolled and rounded pebbles, but never striated, coming from 
the Alps, sometimes stratified, but without fossils. In Swit- 
zerland this formation covers a great part of the basin, and it 
is of great depth round Geneva and Berne. We think it is 
owing to the fusion of glaciers at the period of their oscilla- 
tions. The glaciers of the Alps, those of Grindelwald, of 
Bosson, and of the Aar, produce a similar diluvium at present, 
but upon a small scale. 

4. Ancient Alluvium with hones of Pachydermata, — In the 
two countries this alluvium is composed of rolled pebbles of 
moderate size, which do not come from the Alps situated in 
front. There are found in it bones of the Elephas Primi- 
genius, {Mastodon angustidens), Bhinoceros Tichorinus, Bos 
PriscuSy Cervus Euryceros, &c. This formation is altogether 
aqueous, and has nothing in common with those of the glacial 
epoch. In Switzerland, this alluvium rests on the miocene 
xnolasse, and in Piedmont on marine pliocene beds. 

If a parallel is attempted to be drawn between these for- 
mations and those of Scandinavia, Scotland, and North 
America, it should not be forgotten, that since the glacial 
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epoch the coasts of these countries have been submerged be- 
neath the sea and again raised above it, from which it 
follows that very recent marine deposits would take place, 
contemporary with, or posterior to, the scattered erratics. 



On Ventilation by the Parlour Fire. By WlIiLiAM HOSKIKO, 
Esq., Professor of Architecture and of Engineering Con- 
structions at King's College, London.* 

The term ventilation does not strictly imply what we intend by 
its use in reference to buildings used as dwelling-houses, or other- 
wise for the occupation of breathing creatures. To ventilate is de- 
fined "to fan with wind;'' but one of the main objects for which 
houses and other enclosed buildings are made, is shelter /rom the 
wind. Inasmuch, however, as the wind is but air in motion, and we 
can only live in air, air may not be shut out of our houses, though, 
for comfort'^s sake, we refuse to admit it in the active state of wind. 
But in doing this — ^in shutting out the wind — we are apt to put our- 
selves upon a short allowance of air, and to eke out the short allow- 
ance by using the same air over and over again. 

There is a broad line of distinction, indeed, to be drawn between 
in-door and out-door ventilation ; for although the principles upon 
which nature proceeds are the same, the operation is influenced by 
the circumstances under which the process may be carried on. 
Whether it be on the hill-side, open to the winds of heaven, or in 
a close room, from which all draught of air is excluded, the ex- 
pired breath, as it leaves the nostrils heated by the fire in the lungs, 
rises, or seeks to' rise, above their level, and may not be again in- 
haled. Out of doors the cooler or less heated air of the lower level 
presents itself for respiration unaffected by the spent exhaled air, but 
in a close apartment, the whole body of included air must soon be 
affected by whatever process any portion of it may have undergone. 
The process by which nature carries off spent air, purifies, and re- 
turns it uncontaminated, is thus checked by the circumstances under 
which we place ourselves within doors. All our devices for shelter 
from the weather, and for domestic convenience and comfort, tend to 
prevent the process provided by nature from taking effect according 
to the intention in that respect of the Creator. We not only con- 
fine ourselves, indeed, and pen up air in low and close rooms, but we 
introduce fire by which to warm the enclosed air; wanting light 
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within our dwellings when da}rlight fails, we introduce another 
sharer in the pent-up air of our rooms, being fire indeed in another 
form, but generally under such circumstances, that it not only ab- 
stracts from the quantity, but injures the qutUity of what may re- 
main. But fire, whether in the animal system, in the grate, or in 
the lamp, cannot long endure the imagined limitation of air. There 
must be access of air — of vital air — ^by some channel or other, or 
the fire will go out. 

An open fire in the grate must however have a vent for some 
of its results, or it will be so disagreeable a companion that its 
presence could not be endured, even as long as the most limited 
quantity of air would last ; and the fire will compel the descent of air 
by the vent commonly supplied under the name of a flue — a chimney 
flue — ^to render its presence tolerable in a closed room, if a supply 
be not otherwise obtainable. But as the outer air at the higher level 
of the top of a chimney, because of the rarity of the air in and above 
the flue, responds to the demand of the fire less easily than the 
lower air, or that at and about the level of the fire ; and the lower 
air, or air at the lower levels, forces its way in, therefore, by any 
opening it can find or make — ^through the joints of the flooring- 
boards, and under the skirtings — the supply passing first up or 
down the hollow lathed and plastered partitions, sometimes even 
up from the drains ; and through the joints under and about the 
doors and windows. If these channels do not exist, as they may not 
when the joiners^ work and the plastering are good, or when the open 
joints referred to are stopped up by any means, the fire smokes, and 
every known means of curing the chimney failing, means are sought 
of obtaining heat without the offending fire. Ventilation is not 
thought of yet. 

The open fire may be made to give place to the close stove or to 
hot-air — ^pipes, to hot- water pipes, or to steam-pipes — ^which make hot 
the air about them in a close room without causing draughts. But 
the warmth obtained in pipes is costly under any circumstances. Air 
does not take up heat freely, unless it be driven and made to pass 
freely over the heated surface ; and there being little or no con- 
sumption of air, and consequently little or no draught, in connexion 
with heated bodies, such as close stoves and hot pipes, the heat from 
them is not freely diffused, and is not wholesome. There is with all 
the expense no ventilation. 

Stoves and hot pipes are, moreover, exceedingly dangerous inmates 
in respect of fire. Such things are the most frequent causes, directly 
or indirectly, of fires in buildings. Placed upon, or laid among or 
about the timbers and other wood-work of hollow floors, and hollow 
partitions, and in houses with wooden stairs, more conflagrations 
are occasioned by hot pipes and stoves, than by any thing else, and 
perhaps more than by all other things together. 

Open stoves with in-draught of air warmed by being dr^wn quickly 
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(when it is drawn quickly) over heated surfaces may be made part 
of a system of safe and wholesome in-door ventilation ; but to be 
perfect there must be also out-draught with power to compel the 
exit of spent or otherwise unwholesome air. But the arrangements 
for and connected with such stoves are special, and therefore costly, 
unless the buildings in which they may bo employed have been 
adapted in building to receive them. An in-draught stove may, 
however, be applied with great advantage as it regards the general 
warmth and ventilation, in the lowest story of any house, if there be 
compelled out-draught at the highest level to which it will naturally 
direct itself if it be not retained, so that the in-draughted air, tempered 
as it enters, may be drawn out as it becomes spent, or otherwise con^ 
taminated. 

But this must be considered in all endeavours to effect in-door 
ventilation, or the endeavour will fail. The air must he acted upon, 
and not he left, or he expected^ to act of itself^ and to pass in or 
out as may he desired^ merely hecause ways of ingress and egress are 
made for it. Make a fire in a room, or apply an air-pump to the 
room, and the outer air will respond to the power exerted by either 
by any course that may be open to it, and supply the place of that 
which may be consumed or ejected ; but open a window in an other- 
wise close room and no air will enter ; no air can enter, indeed, 
unless force be applied as with a bellows, whereby as much may be 
driven out as is driven in, with the effect only of diluting not of 
purifying. Even at that short season of the year in which windows 
may be freely opened, unless windows are so placed as to admit of 
the processes of out-door ventilation being carried on through them 
by a thorough draught from low levels to high levels, open windows 
are not sufficient to effect thorough in-door ventilation. There must 
for this purpose be in every room a way by which a draught can be 
obtained, and this draught must take effect upon the most impure 
air of the room, which is that of the highest level. The chimney 
opening may supply a way at a low level, and a draught may be 
established between it and the window, but the air removed from the 
room by such a draught is not necessarily the spent or foul air. But 
make an opening into the chimney flue near the highest level in the 
room, that is to say, as near as may be to the ceiling, and if a draught 
be established between the window and the flue by this opening, 
the ventilation is complete ; that is to say again, if there be draught 
enough in the chimney flue from any cause to induce an up-current 
through it, or if there be motion of the external air to drive the air 
in at the window and force an up-current through the flue. 

Windows may not be put open in the long enduring colder sea- 
son, however, and for the same reason in-draughts of the outer air by 
any other channel are offensive and injurious. To open a door for 
the sake of air is but a modification of opening a window, and, if the 
door be an internal one, with the effect of admitting already enclosed, 
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and, probably, contaminated air. Means of efficient in-door venti* 
lation must therefore be independent of windows and doors ; and 
the means should be such as will lead to a result at once wholesome 
and agreeable. 

Many plans have been suggested, and some have been carried 
into effect, of warming air, and then forcing it into or drawing it 
through buildings, and, in the process of doing so, removing the foul 
or spent air from the apartments to which it may be applied. Some 
of these plans are more and some are less available to wholesome and 
agreeable in-door ventilation, but even the best are rather adapted 
to large apartments, such as those of hospitals, churches, theatres, 
and assembly-rooms, than to private dwelling-houses in which the 
rooms are small and labour and cost are to be economized. 

Plans have been proposed, too, for the economical ventilation of 
dwelling-houses ; but they seem to be all in a greater or less degree 
imperfect. Ways of access are provided in some cases for the outer 
air directly to the fire in every apartment, to feed the fire, and indi- 
rectly to ventilate the room ; way of egress in addition to the chim- 
ney opening and the chimney flue being sometimes provided for the 
spent air of the room ; sometimes, indeed, as before indicated, by an 
opening into the chimney flue near the ceiling. A direct in-draught 
of cold air is not agreeable, and it may be pernicious, but if the outer 
air become warm in its way to the inmates of the room, the objec- 
tion to its directness ceases. If however the warmth is imparted 
to it with foulness, the process does not fulfil the condition as to 
wholesomeness, and this is the case, when the outer air is admitted 
at or near to the ceiling to take up warmth from the spent and heated 
atmosphere of the higher levels. Having undergone this process, 
it is not the fresh air that comes warmed to the inmates, but a 
mixture of fresh and foul air that cannot be agreeable to any inmate 
conscious of the nature of the compound. 

The endeavour on the present occasion was to show how the 
familiar fire of an apartment may be made to fulfil all the condi- 
tions necessary to obtain in-door ventilation, to the extent at least 
of the apartment in which the fire may be maintained, and while it 
is maintained, 

A fire in an ordinary grate establishes a draught in the flue over 
it with power according to its own intensity, and it acts with the 
same effect, at least, upon the air within its reach, for the means 
which enable it to establish and keep up the draught in the flue. 
The fire necessarily heats the grate in which it is kept up, and the 
materials of which grates are composed being necessarily incom- 
bustible, and being also ready recipients and conductors of heat, 
they will impart heat to whatever they may be brought into con- 
tact with them. 

It is supposed that the case containing the body of the grate is 
set on an iron or stone hearth in the chimney recess, free of the 
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sides and back except as to the joints in front. Let all communi- 
cation between the chamber so formed about the back and sides of 
the grate and the chimney flue be shut off bj an iron plate, open 
only for the register flap or valve over the fire itself. External Mr 
is to be admitted to the closed chambers thus obtained about the 
grate by a tube or channel leading through the nearest and most 
convenient outer wall of the building and between the joists of the 
floor of the room, to and under the outer hearth or slab before the 
fire, and so to and under the back hearth in which sufficient holes 
may be made to allow the air entering by the tube or channel to rise 
into the chamber about the fire-box or grate. Openings taking any 
form that may be agreeable are to be made through the cheeks of 
the grate into the air-chamber at the level of the hearth. In this 
manner will be provided a free inlet for the outer air to the fire- 
place and to the fire, and of the facility so provided the fire will 
readily avail itself to the abolition of all illicit draughts. But the 
air in passing through the air-chamber in its way to the fire which 
draws it, is drawn over the heated surfaces of the grate and it thus 
becomes warmed, and in that condition it reaches the apartment. 

An upright metal plate set up behind the openings through cheeks 
of the grate, but clear of them, will bend the current of warmed air 
in its passage through the inlet holes, and thus compel the fire to 
allow what is not necessary to it to pass into the room ; and if the 
opening over the fire to the flue be reduced to the real want of the 
fire, the consumption of air by the fire will not be so great as may 
be supposed, and there will remain a supply of tempered air waiting 
only an inducement to enter for the use of the inmates of the apart- 
ment. An opening directly from the room into the flue upon which 
the fire is acting with a draught more or less strong, at a high level 
in the room, will afford this inducement ; it will allow the draught 
in the flue to act upon the heated and spent air under the ceiling, 
and draw it off ; and in doing so will induce a flow of the fresh and 
tempered air from about the body of the grate into the room. 

The mode thus indicated of increasing the effect of the familiar fire, 
and making it subservient to the important function of free and 
wholesome ventilation, is not to be taken as a mere suggestion, and 
now for the first time made. It has been in effective operation for 
six or seven years, and is found to answer well with the simple ap- 
pliances referred to. But it is the mode and the principle of action 
that it is desired to recommend, and not the appliances, since per- 
sons more skilled in mechanical contrivanT^es than the author pro- 
fesses to be, may probably be able to devise others better adapted to 
the purpose.* 

* The appliances used by Mr Hosking will be found more fully described 
in his " Healthy Homes," published by Mr Murray. 
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The mode referred to of warming and ventilating apartments by 
their own fires is most easy of application^ and in houses of all kinds, 
great and small, old and new, and as the warmth dmyed from the 
fire in any case, comes directly by the in*dranghted air, as well as 
by radiation of heat into the air of the apartment, fuel is econo- 
mized If the register flap be made to open and shut, by any 
means which gire easy command over it, so that it may be opened 
more or less according to the occasion, and this be attended to, the 
economy will be assured ; for it is quite unnecessary to leave the same 
space open over the fire after the steam and smoke arising from 
fresh fuel have been thrown off, as may be necessary immediately 
after coaling. The opening by the register valve into the flue may 
be reduced when the smoke has been thrown off, so as to check the 
draught of air through the fire, and greatly to increase the draught 
by the upper opening into the flue, to the advantage of the ventila- 
tion and to the saving of fuel, while the heat from the incandescent 
fuel will be thereby rather increased than diminished. 

Moreover the system being applicable in the cottage of the 
labourer, as fully and easily as in the better appointed dwellings of 
those who need not economize so closely as labouring people are 
obliged to economize, the warmed air about the grate in a lower 
room may be conveyed directly from the air-chamber about the 
grate by a metal or pot pipe, up the chimney flue, and be delivered 
in any upper room next to the same flue and requuing warmth and 
ventilation, the process of ventilation applied to the lower room being 
applicable to the upper room also. 

The indicated means by which winter ventilation is obtained are 
not of course equally efllcient in summer, for the draught of the fire 
is wanting ; but the inlet at the low level for fresh air, and the out- 
let for the spent air at the upper level continuing always open, the 
heat which the flue will in most cases retain through the summer 
aided by that of the sun*s rays upon the chimney top, secures a 
certain amount of up-draught, which is not without its effect upon 
the in*draught by the lower inlet even when windows and doors are 
shut. 

While it is obvious that the air drawn into any house for the 
purpose of in-door ventilation need not be other than that which 
would enter by the windows of the same house, it may be necessary 
to enter into any inquiry as to the condition of the air heretofore 
spoken of as fresh and pure. *' Fresh" and " pure" applied to air 
must be taken to mean the freshest and purest immediately obtain- 
able, and that will be the same whether it be drawn in through a 
grated hole in a wall, or by a glazed opening closed by it in the 
same wall. But it is a fair subject for inquiry, whether, — ^speaking 
in London to Londoners, — ^the air about our houses in London is as 
pure, — or as free from impurity — as it might be. 
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The out-door ventilation of large towns may be taken to be more 
complete above the tops of the houses and of their chimneys than it 
is, or, perhaps, can be among and about the houses. The processes 
of nature are there not only unchecked, but are in fact aided by the 
heat thrown up by the chimneys into the upper air, and impurities 
which can be passed off by chimney flues, will be more certainly 
and more effectually removed and changed by Nature's chemistry 
than if they are kept down to fester under foot and to exhale in our 
streets and about our doors and windows. 

At this time every endeavour is made to provide for removing 
from our dwellings all excrementitious matter, and all soluble refuse, 
by drains into sewers, and so by the sewers to some outfall for dis- 
charge. The drain necessarily falls towards the sewer, and the 
sewer' again to its outfall, and the sullage or soil drainage being 
rendered liquid thus passes in the usual course. But the usages 
and the necessities of civilized life cause a large proportion of the 
liquid refuse from dwelling-houses to pass off in a heated state, or 
to be followed by hot water arising from culinary processes, and 
from washing in all its varieties. The heat so entering the drains 
causes the evolution of fetid and noxious gases from the matters 
which go with, or have gone before, the hot water ; and with these 
gases house-drains almost always, and sewers commonly, stand 
charged. They are light fluids and do not go down with the heavy 
liquid matters from which they have been evolved, but they seek to 
rise, and constantly do rise in almost every house through imper* 
fections or derangements of the flaps and traps which are intended 
to keep them down, but which only, when they do act, compel some 
of the foul air to enter the sewers, and there to seek outlet to the 
upper air which they find by the gulley gratings in the streets. 

It can hardly be said perhaps that too much attention has been 
given of late to the scour of sewers by water ; but it is most certain 
that too little attention has been given to the considerations last 
stated, for nothing has been done to relieve the drains and sewers 
of their worst offence. The evolution of foul and noxious gases in 
the drains is certainly not prevented by scouring the sewers. In 
the meantime the poison exists under foot, and exudes at every preg- 
nable point within and about our houses, and it rises at every grat- 
ing in our streets, though the senses may become dull to them by 
constant suffering. 

Now this is an evil which can be greatly ameliorated, if it cannot 
indeed be wholly cured ; but it is by a process that, to be effective, 
must be general, and, therefore, it must be added, compulsory. The 
process is of familiar application in the ventilation of mines, and 
particularly of coal mines. An up-cast shaft containing a common 
chimney flue carried up at the back of every house, and connected 
with the house-drains at their highest level, would give vent to the 
foul air in the drains, and discharge it into the upper air. The 
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foul air evolved by heat expands, and expanding it rises, and rising 
it would be followed by cold air settling down by the guUey gratings 
in the streets, thus constituting their inlets downcast shafts, and 
the sewers and drains themselves channels for the currents setting 
to the up-cast shafts, by which they would be relieved. The down 
draught into the sewers would carry with it much soot and fine dust, 
which would settle upon the liquid current and pass off with it, and 
so remove some of the tangible as well as the intangible impurities, 
before referred to, from the air in our streets and about our houses. 
Much in this way might be eifected by the aid of causes in con- 
stant operation ; but if the up-cast shaft to every house were also a 
fire-flue, or were only aided by the draught of a neighbouring fire, 
the up-current would be sufficient not only to prevent the house 
drains from retaining foul air, but the foul air would be thrown off 
into the upper air with better effect and be dissipated innocuously 
and without offence instead of steaming as it now does from the 
sewers into the air where it cannot be avoided. 



On the Composition of the Waters of the Dee and Don, at Aber- 
deen. By John Smith, M.D., Fordyce Lecturer on Agri- 
culture in Marischal College, Aberdeen. 

I. — General character of the districts drained hy the Rivers Dee 

and Don, 

The sources of the Dee are found amidst the lofty granite 
mountains of Braemar, on the confines of the counties of 
Banff, Inverness, and Perth. The river flows from thence, in 
an easterly direction, along a narrow valley, till it falls into 
the sea at Aberdeen, its length being about 80 miles, or, when 
measured in a straight line, 66 miles. The river banks are 
gravelly, and the alluvial deposits few, and of limited extent. 
The bounding ridges of the valley are mostly of granite and 
gneiss. The flow of the water is pretty rapid, the alteration 
of level between the Linn (16 or 17 miles below the source) 
and Aberdeen, being nearly 1200 feet. From the small pro- 
portion of clay and peat in the valley of the Dee, its waters 
are usually quite clear ; in rainy weather, however, they are 
often charged with mud from the swollen mountain-torrents. 
The Dee and its tributaries drain about 900 square miles of 
countrj'. 

The rocks near the sources of the Dee are granite and 
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quartzose mica slate. Though very insoluble in their nature, 
these rocks will, by slow decomposition, yield to the voftoB 
minute portions of silica, potash, and »■. TIssM^mrgs of 
the Bee mna^ \uBmmmp^ be Tery pure. Further down, the 
river receives water that flows over patches of crystalline 
limestone, and a tributary (the Muick) passes along a aer- 
penHne range. From these rocks, the water will derive a 
small proportion of lime and magnesia. Proceeding still far- 
ther down, the rocks present no variety : granite and gneiss, 
with occasional veins of felspar-porphyry, and more rarely, 
patches of limestone, making up the geology of the district. 

The water for the supply of Aberdeen is taken from the 
Dee about two miles from its mouth, and quite beyond the 
reach of the tide water. It percolates through the gravelly 
sides and bottom into drains, and is thence pumped up to the 
highest level of the town. It is distributed through iron 
mains, and taken into houses by small lead pipes, to which 
lead cisterns, generally of moderate dimensions, are com- 
monly attached. The supply is constant, and amounts to 
about one million gallons per day. 

The district drained by the Don, lies immediately north of 
that drained by the Dee, and is of much less extent. Bising 
in mossy ground, encircled by granite hills, on the borders of 
Banffshire, the Don pursues a winding course of about 60 
miles to Aberdeen. A straight line from its origin to its 
termination is about 42 miles. The mountainous region 
drained by the sources of this river, although mainly granitic, 
has more limestone and serpentine than exist about the Dee, 
and hence more lime and magnesia might be expected in the 
water. At Kildrummy, the Don passes through a range of 
old red sandstone. A few miles below this the hills recede 
from the river, and enclose the fine valley of Alford. After 
emerging from the hilly country at Monymusk, its progress 
is tortuous and slow, through alluvial meadows and an open 
country, till within a few miles of its termination, when it 
again flows rapidly. About 18 miles from the sea it receives 
its largest tributary, thef Ury, which drains a fertile country, 
and has a course of about 24 miles before losing itself in the 
Don. After rain, the water of the Ury is commonly tinged 
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yellow with clay, while the Don itself has more of a brown 
colour from peat. The Don water at Aberdeen is rarely of 
such limpid clearness as that of the Dee. 

II. — Composition of Dee Water. 
The specimen (A) subjected to analysis by the ordinary 
methods, was collected some miles up the river, on September 
24th, 1850, three days after heavy rain. The river was about 
its usual size, the rain having been preceded by a long con- 
tinued drought. The water had a brownish tint from vege- 
table matter, and, on close inspection, minute specks and 
hair-like bodies could be observed floating in it. These could 
be removed by filtration, which, however, did not sensibly 
improve the colour. The vegetable matter Was percep- 
tible to the taste. The water contained little or no air, and 
I have observed on several other occasions, that when the 
water is coloured by organic matter, it is deficient in air. 
The Dee water, in its ordinary condition is colourless, and is 
well, often highly, aerated. The solid matter found in a 
gallon of specimen A was constituted as follows : — 



Lime ...... 

Magnesia ..... 

Potash and soda .... 

Carbonic acid (in combined state) 
Salphnric acid .... 

Chlorine ..... 

Silica ...... 

Precipitate by ammonia from acid solution 
Organic matter and loss 



Total 



The acids and bases may be arranged thus : 

Carbonate of lime 

Sulphate <3^ lime 

Sulphate of magnesia 

Chlorides of potassium and sodium 

Phosphate of lime and iron 

Silica ..... 

Organic matter and loss 



Grains. 
0-626 
0110 
0-382 
0-374 
0-276 
0-338 
0-140 
0-080 
1-776 

4-000 

Grains. 

0-860 
0-121 
0-323 
0-670 
0-080 
0140 
1-816 



4-000 



x2 
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In this scheme, I have supposed the sulphuric acid to be 
increased by '009 grain, in order to make it take up the 
whole magnesia. The alkalies were determined together; 
but in the qualitative examination, potash was readily de- 
tected in the residue of 1 gallon. 

The dry residue, obtained by evaporating the water, not 
being deliquescent on exposure, the absence of earthy chlo- 
rides was inferred. In the precipitate by ammonia from an 
acid solution, the presence of lime and iron was detected, 
but the proof of phosphoric acid was inconclusive. Operating 
afterwards, however, on the solid contents of a much larger 
quantity of water (about 15 gallons), this acid was shown 
pretty distinctly. The dry residue of 1 gallon gave no in- 
dication of nitric acid when tried with sulphuric acid and 
sulphate of iron. Boiled with carbonate of soda, it gave 
distinct proof of ammonia. 

The quantity of organic matter in specimen A was much 
larger than the Dee water usually contains ; indeed the 
brown tint caused by it was very well marked. A portion 
kept in a glass bottle for some months, deposited a brownish 
sediment, and became clearer. It was then-found to contain 
only 1 grain of matter volatile on ignition. A specimen (B) 
taken from the same part of the river on the 15th of February 
1851 — the river being of its usual size, and the water clear 
and colourless — ^gave 3 grains per gallon of solid matter, of 
which only ^^ths of a grain were volatilized by ignition. It 
is in accordance with general experience that organic matter 
in water is least abundant during the winter season. A 
gallon (C) drawn from the laboratory pipe on the 26th of 
September (the water being colourless), left the same quantity 
of dry residue, and gave off about 0*8 grain on ignition. In 
experiments at different times, I have thus found the solid 
matter (dried at 212°) to vary from 3 to 4 grains per gallon ; 
and the matter volatilized by a low red heat (generally 
reckoned organic matter, though it probably always exceeds 
the true organic matter in amount) to range from tVths to 
1| grains. 
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III. — Action of Clark's Soap- Test on Dee Water. 

In many trials of Dee water, taken either directly from 
the river, or from the laboratory pipe, the hardness was found 
to vary between V-l or l°-2, and l°-75. But different trials 
of tibe same specimens have sometimes varied a little — such 
a variation as I have been accustomed to find in solutions of 
very low degrees of hardness, especially when this hardness 
is caused partly by magnesia. In specimen A, the hardness 
varied in three trials from 1°-1 to 1°-14. After standing a 
day or two, the lathers could not be renewed without a 
further addition of soap-test, raising the hardness thus in 
two of the cases to l°-36. Taking the mean between the 
highest and lowest, we may assume the hardness of specimen 
A to be l°-23 ; and this agrees accurately with three trials 
made on water drawn from the laboratory pipe on the 28th 
of September, which should not hav« differed much from 
river water of the 24th. The greatest hardness observed 
was in specimen B, taken direct from the river on the 15th 
of February. It turned out l°-75 ; but as the specimen was 
highly aerated, it is just possible that a little of this apparent 
hardness may have arisen from carbonic acid. 

In specimen A, I distinguished the hardness caused by 
lime from that caused by magnesia, by means of the soap- 
test, as follows : A mixture of equal bulks of standard 
lime solution 20° and distilled water was tried, and the 
hardness noted. A similar mixture of same solution 20° 
and specimen A was then made, and the hardness deter- 
mined. The difference was 0^-47. This, multiplied by 2 
(as the Dee water operated on was only half the standard 
quantity), gives 0°-94, the hardness caused by lime ; and 
subtracting this from 1-23, the total hardness, leaves 0°*29 
as the hardness resulting from magnesia. By an extended 
course of experiments, I had previously satisfied myself that 
the soap-test is not affected by any quantity of magnesia 
imder 6° or 8°, if associated with at least 10° of lime ; hence 
the contrivance of the above experiments. If the whole 
lime in the water, as given in the preceding analysis, page 
125 (omitting what may exist in the precipitate by ammonia) 
be calculated as carbonate, the amount will correspond 
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exactly to that indicated by the soap-test namely, 0*94 
grain ; and if the magnesia, in like manner, be calculated 
as carbonate of lime, it will turn out 0*26 grain, differing 
very little from the soap-test result; and in the case of 
magnesia, it is to be expected that the ordinary analysis 
will give under the truth. The quantity of pyrophosphate of 
magnesia, aflForded by a gallon of water (A), I have noted 
at 0*30 grain. If this be made 0*32, it will correspond ex- 
actly with the indication of the soap-test. This new applica- 
tion of the soap-test promises to be of considerable utility.* 

IV. — Composition of Don Water. 

Two specimens were examined. One (A) was taken on 
the fourth of October, from the river about a mile from its 
embouchure, quite beyond the reach of the tide. The other 
(B) was collected near the Bridge of Alford (about 35 miles 
up, counting the windings of the river), on the same day, 
and about nine hours previous to the collection of specimen 
A. The river was in its average condition. Specimen A 
was tinged brown with vegetable matter, which also affected 
the taste. Flocculi of organic matter were seen in it, and 
brown specks of iron and organic matter, speedily subsiding 
on rest. No air-bubbles emitted on exposure. By careful 
evaporation, the solid matter was found to be in the pro- 
portion of 8*64 grains per gallon, and of this there were 3*04 
grains volatilized by ignition. The composition of the dry 
matter was as follows : 

Grains. 

Lime ....;.. 1-29 

Magnesia ....... *34 

Alkaline chlorides, containing 0-74 of chlorine 1*32 

Carbonic acid (in combined state) . . '96 

Sulphuric acid ...,., '76 

Silica -60 

Precipitate by ammonia from acid solution . '38 

Organic matter . . . . . . 3*00 

Total 8-66 

* The Cultep Barn, a large tributary of the Dee, which drains the Loch of 
Skene and surrounding country, I found to contain at its confluence with the 
Dee (about 8 miles up), on the 26th of September, 6 grains of fixed salts per 
gaUon, with 2 or 3 grains of organic matter additional. Hardness 3°-l. 
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The acids and bases may be taken thus : 

Grains. 

Carbonate of lime 2-18 

Sulphate of lime . . . . . 'l? 

„ magnesia . . 1*00 

Chlorides of potassium and sodium . 1*32 

Phosphate of lime and iron . . . '38 

Silica '60 

Organic matter 3*00 

Total 8-66 

Specimen B was very faintly tinged with vegetable matter, 
and contained some floating specks of the same. On eva- 
poration, it left at the rate of 5 grains solid matter per 
gallon, of which 3*8 were fixed salti, and 1*2 volatile (organic 
^aatter). — Qmartarfy Journal of the Chemical Society^ vol. iv., 
No. xiv., p. 1. 



An Inquiry into the Cause which renders the Water of the 
Dead Sea unfitted for the support of Animal Life. By 
Robert James Graves, M.D., r.RS. Communicated by 
the Author. 

The ^arth contains living beings so generally on its land, 
and in its waters, that we feel surprise at finding portions of 
either destitute of both animals and vegetables. When this 
exception occurs on a large scale, it naturally attracts more 
attention, and may even, as in the instance of the Dead Sea, 
obtain universal notoriety. Under these circumstances, the 
nature of the physical causes which have produced an effect 
so singular and unexpected becomes a subject of very inter- 
esting inquiry ; in conducting which we will be evidently much 
assisted if we can discover, in some other country, a large 
body of water which displays not only a similar absence of 
life, but likewise a con^binatiop of physical qualities closely 
resembling, if not absolutely identical with those of the 
Dead Sea. 

This, the subject of our investigation, is a very deep and 
extensive lake, into which the Jordan — a considerable river — 
and several smaller streams, all abounding in the fishes and 
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fluvial vegetables of Palestine, discharge their waters, and 
yet, as the name implies, it has been generally believed to 
harbour no living thing within its fatal boundaries. The 
surface of this lake is said to be many hundred feet below the 
level of the Mediterranean * It is about sixty miles in length, 
but varies considerably in breadth, and has of course no rivers 
flowing from it. Until the publication of the researches of 
Lieutenant Lynch, who was sent by the government of the 
United States, to conduct an expedition fitted out in America 
for the purpose of thoroughly examining the waters and 
shores of the Dead Sea, we absolutely knew nothing certain or 
definite respecting either. To our enterprising transatlantic 
brethren we are indebted for the first chart of a lake which lies 
as it were in the very cradle of civilization, and which, never- 
theless, had (as far as we are aware) never before been sur- 
veyed or even navigated. My countryman, CoHigan^ it is 
true, succeeded in launching on it his frail skiffj but he very 
speedily fell a victim to excessive anxiety, fatigue, and the bane- 
ful eflbcts of climate; and the observations subsequently made 
by Molyneux, Robinson, Kinglake, and Warburton, however 
interesting to the general reader, contained nothing sufficient- 
ly accurate to form the groundwork of scientific conclusions. 

The progress of geographical discovery has lately brought 
to light the existence of an inland sea still more exten- 
sive, and displaying within its boundaries an absence of 
life equally remarkable, viz., the Great Salt Lake of North 
America, first navigated in 1847 by Fremont, commander 
of the exploring expedition fitted out by the government 
of the United States. This lake has many and striking 
points of resemblance with the Dead Sea, some of which 
it may be well to enumerate. 

1^/, It is equally salt, and, of course, has as high a specific 
gravity. 

2rffy, Its banks and the neighbouring country abound 
equally in great deposits of salt, and the various rocks usually 
associated with these natural magazines of salt. 

* According to several measurements the surface of the Dead Sea is rather 
more than 1300 feet below the level of the Mediterranean. Its depth is above 
1000 feet, and breadth nine miles. — Edit. Phil. Journ. 
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3dfy, In the neighbourhood of both hot springs occur, 
several of which are sulphurous, and evidently owe their 
existence to volcanic action, as is proved by the co-existence 
of tufa, lava, basalt, and other formations confessedly of 
igneous origin. 

Athly, In both cases th€ surrounding country at consider-^ 
able distances exhibits a repetition on a small scale of similar 
phenomena. Thus, in Palestine we have, according to the 
observation of Lynch, hot sulphurous springs and very pro- 
ductive bitumen pits, at the higher source of the Jordan, manjf 
miles distant from the Sea of Galilee. Accordingly, we must ac* 
knowledge the operation of an agency in the production of 
salt and sulphurous waters together with bitumen, in many 
remote parts of Palestine, an agency similar in all respects 
to that which has produced like effects at the Dead Sea 
and its immediate vicinity. The same observation applies 
to the Great Salt Lake of America, for all its concomitant 
and remarkable peculiarities reappear in localities far removed 
from the lake itself. 

5thly, A very singular coincidence is, that each of these 
great reservoirs of salt water receives a river derived from a 
neighbouring fresh water lake. Thus the Jordan discharges 
the superabundant waters of the Sea of Galilee into the Dead 
Sea^ while in like manner the Great Salt Lake receives a 
considerable supply of fresh water from the Utah Lake. 

6thfyf Though the dead sea receives copious supplies of 
fresh water from the Jordan and various other considerable 
streams and rivulets, yet the freshening effect is only felt at 
the mouths of those rivers and their immediate neighbourhood, 
so far as the shallow water (due to the accumulation of detri- 
tus carried down by their currents) extends. While shallow, 
the water at first fresh, becomes brackish, and all traces of 
freshness have disappeared when the deep parts of the lake 
are reached. The same remark applies to the Great Salt 
Lake^ which is upwards of seventy miles long and of great 
depth. The Bear River and the Weber empty themselves 
into it, and though both are large rivers, they scarcely pro- 
duce any freshening effect except at the point of disembogue- 
ment. It is of great importance to our inquiry to remark 
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that, in the case of the Dead Sea^ and of the Ch^eai Salt Lake^ 
all the affluents contain the usual proportions of fishes and 
other animals, as well as vegetables peculiar to their respec- 
tive countries. Nay, more, in each case where the afflnent 
has formed an extensive delta, there, in proportion to the 
average degree of freshness of the water, we find various 
plants growing in abundance ; neither are the banks or borders 
itf these lakes invariably destitute of trees, shrtbs, or grass. 
On ihs4Stttlrary, wherever the nature of the surrounding rocks 
affords materialslfairm fertile soil, and rivers or ^rings supply 
the necessary moisture, Ihses *fCg^^ation, occasionally luxuri- 
ant, is to be found. Thus it is niiimimji £ir us to bear in 
mind that life is not banished from every pattuF^Hher 4he 
Dead Sea or Great Salt Lake^ or their respective shores,lrtEl 
encroaches upon both when favourable physical circumstances 
exist to encourage the growth and maintenance of either 
animals or plants. It is true that the rugged rodcs, which 
in most parts surround the Dead Sea, are, from their nature 
and the absence of supplies of fresh water, more destitute of 
vegetation than those around the Great Salt Lake. This 
admits a ready explanation by the much greater humidity of 
the air, and frequency of rain in the western parts of America 
than in Palestine. 

It must not be forgotten likewise, that certain rocks disinte- 
grate very slowly under exposure to atmospheric influences, 
and others seem altogether incapable of supporting vegeta- 
tion. Thus I have examined several extinct volcanic craters 
in Auvergne, and, after the most minute search, could not 
discover the existence of even a lichen on their surface ; and 
I was the more surprised at this fact, because other parts of 
that district exhibited the richest soil spreading over fields 
of lava, and extending far up mountains composed of that 
material. 

Having made these preliminary observations, we must next 
examine more accurately the nature and proportions of the 
saline contents to which we have attributed the absence of 
fishes, and the usual inhabitants of deep water, from the 
inland seas in question. 

Mr Monk, author of the Golden Horn, or Sketches in Asia 
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Minor, gives a very interesting descriptkii of his tour round 
certain portions of the Dead Sea ; and we are indebted to his 
exertions for an analysis of its water, a specimen tji which 
he brought to Mr Herapath, who found in it rather mart 
than 24 per cent, of saline matter, consisting of chlorides of 
potassium, sodium, calcium, magnesium, iron, and manganese, 
with bromide of magnesium.* This high saline impregna- 
tion alone, is quite sufficient to account for the absence of 
both vegetable and animal life, even on the supposition that 
none of the salts are actually poisonous to either, except 
when present in very large proportions, a supposition which 
however is not warranted, as one of them, the bromide of 
magnesium, is detrimental to animal life. 

We owe to Fremont the only analysis of the water of the 
Great Salt Lake I have been able to obtain, and which, 
although rough, is quite sufficient for our purposes. He 
obtained from 40 pints of the water 14 pints of solid saline 
residuum, i*. e., more than a third by weight of salts ! Fremont 
says, that subsequent and more accurate analysis detected in 
this residuum, chlorides of sodium, calcium, and magnesium, 
together with sulphates of soda and lime. Now, as the 
Great Salt Lake contains no fishes or other animals, and in 
this respect agrees vnth the Dead Sea^ may we not, or rather 
must we not, attribute so striking a concidence to the saline 
properties of their waters 1 

It is plain that fishes of the ordinary specific gravity could 
not swim at any depth in such a medium, for its greater 
buoyancy would tend powerfully to bring them to the surface. 
This quality of the water would of itself render it unfavour- 
able to such animals, but it is probable that the chief obstacle 
to their living in it is to be found in the immense proportion 
of salts present, by which it is rendered unfit for the purposes 
of respiration and nutrition. 

It is true that some crustaceous and other animals of a 
still lower grade have been found in the strong brines of 
salt mines ; and it is by no means proved that such do not 



* Vide Herapath and Thornton, in No. viii. of Quarterly Journal of the 
Chemical Society of London, for January 1850 ) also Edin. New Phil. Journal, 
vol. zlviii., p. 313. 
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exist even in the highly saline waters of these lakes, for 
no investigations have been made suflBciently numerous or 
accurate to determine this curious question. Indeed, Fremont 
(p. 153) discovered numerous larvca of insects or skins of wormsj 
as he calls them, on the shore of an island in the Great Salt 
Lake, but he had no means of determining either the species 
or the habitat, — ^but those he observed were dead and evidently 
thrown up by the waves, — ^the individuals were pot larger than 
a grain of oats. Future observers should seek for them, or 
something similar on the shores of the Dead Sea.* A very 
interesting subject of Inquiry here suggests itself. We have 
observed that the- rivers which flow into the Dead Sea and 
the Great Salt Lake are peculiarly rich in fishes. Are these 
fishes of species peculiar to these rivers, or do they occur in 
other parts of Palestine and North America ? ^ The researches 
of my friend Agassiz, published in a previous number of this 
Journal, induce me to favour the former supposition. 

With respect to plants, salt in any considerable quantity 
proves destructive to the ordinary species. This is proved 
by the experiments of Dr Voelcker, detailed in the Report 
of the 20th Meeting of the British Association, p. 115. He 
found that most plants were injured seriously when watered 
for a month with water containing 100 grains of common 
salt to a pint of water, i. e,, about ^V part of salts. Compare, 
this result with the waters of the Great Satt LaJce or Dead 
Sea, and we at once perceive that it is impossible for any 
plant to live in so intensely saline a medium. Dr Voelcker 
found that the grasses are affected more injuriously by salt 
than any other family of plants, a fact which explains the 

* Since writing the above, I find that my anticipations have been confirmed, 
for Baron A. von Humboldt (Views of Nature, Edit. Bohn, Lond. 1850. p. 260) 
states, ** in opposition to the generally adopted opinion respecting the aimnu 
of all organisms^ and living creatures in the Dend Sea, it is worthy of notice, 
that my friend and fellow labourer, M. Valenciennes, has received beautiful 
specimens of Porites elongata (Lamarck), from the Dead Sea, which is super- 
saturated with salt. 

Humboldt does not mention whether these specimens were found in parts 
where the water is really supersaturated, or only in the estuaries of rivers, 
where it is brackish ; from the occurrence of this species in the Red Sea, it 
appears to me very improbable that it could also exist in water so much more 
impregnated with salt than that of the ocean, as the undiluted water of the 
Dead Sea is. 
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total absence of every approach to pasture suitable for cattle 
over extensive districts called the Salt Deserts^ south of the 
Great Salt Lake, and which, according to the description of 
travellers, present the most appalling spectacles of great 
tracts of country totally destitute of life that the world affords* 
They truly deserve the name of the Dead Deserts. 

Mr Bryant* draws the following picture of this region, to 
which I am particularly anxious to direct the reader's atten- 
tion, as it represents scenes quite as desolate as those which, 
in the neighbourhood of the Dead Sea, have been pourtrayed 
by the pencils of Mr Warburton and the author of Eothen. 

*' f Descending into the plain or valley before us, we took a north- 
west course across it, striking Captain Fremont's trail of last year, 
after we had commenced the ascent of the slope on the western 
side. The breadth of this valley at this point, from the base of one 
range of mountains to the other, is about twenty miles. Large por- 
tions of it are covered with a saline efflorescence of a snowy white- 
ness. The only vegetation is the wild sage ; and this is parched and 
shrivelled by the extreme drought. Not a solitary flower or green 
plant has exhibited itself. In our march, we crossed and passed 
several deep ravines and chasms, ploughed by the waters from the 
mountains during the melting of the snows, or hollowed out by the 
action of the winds. Not a living object has been seen during our 
day^s march, 

'* We encamped about two o'clock p.m. There were a few dwarf 
cedars in our vicinity, and scattered branches of dead grass. In a 
ravine near us the sand is moist, and by making an excavation, we 
obtained a scant supply of water, impregnated with salt and sulphur, 
A dense smoky vapour fills the vaUey^ and conceals the summits of 
the distant mountains. The sun shining through this dispenses a 
lurid lights colouring the bare and barren desert with a more dis- 
mal and gloomy hue. 

* » * HI * m 

" t We passed over this ridge through a narrow gap, the walls of 
which are perpendicular and composed of the same dark scoriaceous 
materials as the debris strewed around. From the western terminus 
of this ominous looking passage, we had a view of the dark desert 
plain before us, which, as far as the eye could penetrate, was of a 
snowy whiteness, and resembled a scene of wintry frosts and icy 
desolation. Not a shrub or object of any kind rose above the sur- 
face for the eye to rest upon. The hiatus in the animal and vege-^ 

* What I saw in California, being the journal of a tour in 1846 and 47, by 
Edwin Bryant, Esq. 

t Page 145. J Page 149, 
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table kingdoms was perfect. It was a scene which excited mingled 
emotions of a^rehension and admiration, 

" *About eleven o'clock we struck a vast white plain, uniformly 
level, and utterly destitute of vegetation^ or any sign that shrub or 
pkaU had ever existed above its snow-like surface. Pausing a few 
moments to rest our males, and moisten our mouths and throats, 
from the scant supply of beverage in our powder-keg, we entered 
upon this appalling field of sullen and hoary desolation. It was a 
scene so entirely new to us, so frightfully forbidding and unearthly 
in its aspects, that all of us, I believe, though impressed with its 
sublimity, felt a slight shudder of apprehension. 

'^ Ascending to the summit of the mountain, just as the sun was 
setting, I had a more extended view of the Great Salt Plain than at 
any time previously. Far to the south-east, apparently from 100 
to 150 miles, a solitary mountain of immense height rises from the 
white surface of the desert, and lifts its hoary summit, so as almost 
to pierce the blue ceiling of the skies, reflecting back from its froa^n 
pinnacle, and making frigid to the eye the warm and mellow rays of 
the evening sun. No words can describe the awfulness and gran^ 
dear of this sublime desolation. The only living object I saw to- 
day, and the only sign of animal existence, separate from our 
party, was a small lizardJ* 

The preceding extracts from Mr Bryant's interesting work 
afford a proof that similar physical circumstances everywhere 
produce similar effects ; for in America, as well as Palestine, 
the superabundance of saline ingredients is equally destmc- 
tive to life. 

Mr Warburton, the American traveller, the Rev. Dr 
Robinson, and Mr Kinglake, the author of Eothen, have all 
dwelt so much on the horrors of the Dead Sea, that I think 
it right to trespass still further on the reader^s attention, by 
submitting to his consideration the following passages also 
extracted from Bryant's work, which, if I mistake not, will 
prove that the Great Salt Lake of America exhibits, in every 
respect, features not less repulsive than those so vividly de- 
scribed by authors as unique and peculiar to the Dead Sea. 

^* ^Resuming our march, we took a south course over the low hills 
bordering the valley in which we have been encamped ; thence along 
the base of a range of elevated mountains which sk^e down to the 
marshy plain of the lake. This plain varies in wid^, from fifteen 
to two miles, becoming narrower as we approach what is called the 



♦Bryant, p. 161. f Page 136. 
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« UtHkoH^bi; tfaftcbaaodkihini^windL the Utah Lake empties its 

*^ The Great Salt Lake has never heen accurately cur yqjpt dL It 
is situated between 40° and 42° of north latitude, and between 36° 
and 36° of longitude west from Washington. Its length is variously 
stated by the hunters and trappers who have travelled along its 
shores, at from 150 to 180 miles ; but in this estimate, the nume- 
rous large bays and other in*egularities are included. Its extreme 
length in a straight line is probably 100 miles, and its extreme 
breadth between forty and sixty miles. At this season the shore^ 
as we pass along it, is white, with a crust of the muriate and car* 
honate of soda combined. The muriate of soda predominates, but 
the alkali comprised with it is sufficient to render the salt bitter, and 
unfit for use in its natural state. When the wind bloius from the 
lake, the stench arising from the stagnant water next to the shore 
is highly offensive to the smell. The surface of the lake does not 
present that rippling and sparkling appearance when the sudden 
breeze passes over it, so frequently seen on fresh- water lakes, and on 
the ocean. The waters undoubtedly are thoroughly saturated with 
saline matter, and hence, from this weight, when they move at all, 
it is with a lazy and slu^ish undulatory motion. 

m Ik * * * * 

" The sunset scene this evening was splendid. The surface of 
the lake appeared like a sheet of fire, varying in tint from a crim- 
son to a pale scarlet. This fiame-like ocean was bordered, as far 
as we cowld see to the north and south of us, with a field of salt, 
presenting all the appearance of freshly fallen snowJ*^ 

** Proceeding about two miles, and turning the point of the 
mountain, we came to seven warm springs, so strongly impregnated 
with sulphur, as to have left a deposit of this mineral in some places 
several feet in depth. These springs gush out near the foot of a 
h^h precipice composed of conglomerate rock and a bluish sandstone. 
The precipice seems to have been uplifted by some subterraneous 
convulsion. The temperature of the water in the basins was about 
90°. The water of most of them was bitter and nauseous." 

The attentive reader cannot fail to discover, in this ac- 
count of the Great Salt Lake many points in which it entirely 
agrees with the Dead Sea ; indeed several passages of Mr 
Bryant's description might be substituted for those of Mr 
Warburton or Mr Kinglake, without in the least altering fhe 
meaning of these authors, when detailing what they conceived 
to be the most striking peculiarities of the Dead Sea. 

The Rev. Dr Robinson and Mr Warburton dwell empha- 
tically on the non-volcanic nature of any portion of the 
shores of the Dead Sea ; and the former quotes Von Buck, 
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the celebrated geologist, in support of this opinion, which 
must, however, have been founded on insufficient data^ for 
Lynch's narrative contains numerous proofs directly contra- 
dicting it. Thus, at p. 280, he says — 

^* The distance in a direct line to the Arabian shore measured 
seven nautical miles. Mr Aulick found on the latter a volcanic for- 
mation, and brought specimens of Zavo." 

Again, at p. 371, Lynch says — 

'' Stopped to examine some huge black boulders upon the shore, 
which proved to be trap interspersed with tufa. The whole moun- 
tainy from base to summit, appeared to be one black mass of scorias 
and lava, the superposition of the layers giving them a singular 
appearance. In the rocky hollows of the shore were incrustations 
of salt, of which, as weU as the lava, we obtained specimens.'" 

And at page 275 — 

*' But the scene was one of unmixed desolation. The air, 
tainted with the sulphuretted hydrogen of the stream, gave a tawny 
hue even to the foliage of the cane, which is elsewhere of so light a 
green. Except the cane-brakes clustering along the marshy stream, 
which disfigured while it sustained them, there was no vegetation 
whatever ; barren mountains, fragments of rocks blackened by sul- 
phureous deposit, and an unnatural sea, with low, dead trees upon 
its margin, all within the scope of vision, bore a sad and sombre 
aspect." 

The preceding quotations seem to prove that Von Buck 
was in error in stating* that " this sea has no appearance of 
volcanic origin. It merely occupies part of the great valley 
or crevasse that runs from the Lebanon almost to the Gulf 
of Akabah." 

Mr Warburton, misled by the authority of Von Buch, ob- 
serves upon this point : — '* The absence of volcanic agency 
renders still more remarkable the appearance of some fierce, 
fiery ordeal, through which it must have passed," &c. &c. 

Having, in common with the numerous readers of the 
Crescent and the Cross, derived much pleasure and instruc- 
tion from Mr Warburton's learning and accurate observa- 
tion, I cannot but regret that he has, with reference to the 
Dead Sea, deviated from his usual practice, and allowed his 

* Vou Bttcb's Letter to Dr Robinson. 
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imagination to get the better of his judgment. Thus, having 
succeeded in swimming a very short distance from the shore, 
and that only on one occasion, he takes occasion to draw the 
following description of this extensive lake : — « This sea is a 
vast cauldron of salt brine, through which masses of bitu- 
men rise bubbling to the simmering surface." 

No one from this passage could possibly have anticipated 
that the water of this sea is beautifiiliy clear and cool, and, 
as appears from Lynch's narrative, after having navigated 
it in its length and breadth, quite free from all unpleasant 
odour or unwholesome miasma. Indeed, it appears that the 
navigators of the Dead Sea experienced no inconvenience 
f^m any exhalation while at a distance from the shore, or 
even sailing near the shore, when the latter was bold and the 
water deep. The great body of the sea consists of extremely 
salt but otherwise very pure water ; and as the salts it con- 
tains -are not volatile but fixed, the superincumbent air is in 
no way polluted. The water, too, resembling in colour that 
of the ocean, presents nothing of a forbidding or disgusting 
nature. The water of the Great Salt Lake, as described by 
Fremont, is precisely similar ; and it is when we approach 
the shores of either of these seas that the purity of their 
waters or air is lessened, and that only in the comparatively 
few localities where the shores are low, marshy, and mois- 
tened with streamlets flowing from sulphureous springs. In 
all these respects there is a remarkable coincidence between 
these two inland lakes of salt water, that of America appear- 
ing to be in every particular a repetition of the Dead Sea, 
but on a much larger scale. 

It is necessary to remark, that there is not the least doubt 
as to the source from which either of these seas derives its 
saline impregnation. The mountain of rock salt at Usdum 
contains an inexhaustible supply for the Dead Sea, and the 
Great Salt Lake of America is likewise indebted for its saline 
ingredients to cliffs of rock salt. 

The belief that nothing living can exist within the bound- 
aries of the Dead Sea, is so generally spread, and has been 
countenanced by so many authors of reputation, that it be- 
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comes necessary to show that recently ascertained fiEKsts are 
quite opposed to the truth of this opinion. 

Recent writers and travellers have not Cihiled to £a11 in with 
and confirm the popular prejudice on this subject — thus, Mr 
Warburton calls the Dead Sea a eorpgCy and says with much 
emphasis, " There was no shell, or fly, or any sign of life 
along the curving strand, which rose steeply to the water's 
edge, and consisted of very small and angular pebbles.'* Dr 
Robinson, and the author of Eothen^ both indulge in reflec- 
tions respecting the absence of life, not only from the waters 
of the Dead Sea, but from the air above, and the shores sur- 
rounding it. We find also Lieut. Lynch bearing similar tes- 
timony : thus at page 311 he states, *^ No bird fanned with 
its wing the attenuated air, through which the sun poured 
its scorching rays upon the mysterious element on which we 
floated, and which alone of all the works of its Maker, con- 
tains no living thing within it/^ 

This passage, I must confess, strikes me as being more 
poetical than philosophical, for, in the first place, no fact 
recorded by either Mr Lynch or others justifies l^e epithet 
attenuated being applied to the air ; and, in the second place, 
Mr Lynch seems to forget that he himself several times met 
with birds both resting on the waters of the Dead Sea, and fly- 
ing over it. Thus in one part of his Journal we find the fol- 
lowing entry, page 287 :— " One of the party shot at a duck, 
a short distance from the shore— dark-grey body, and black 
head and wings. This was fully twelve miles from the 
Jordan. The bird, when fired at, flew but a short distance 
out to sea, where it alighted, and again directed its course 
towards the shore. We therefore inferred that its haunt 
was among the sedges of the little fountain." 

I have no doubt that the reader will partake somewhat of 
the astonishment which I felt on discovering that the facts re- 
corded by Mr Lynch (for the observation of which he deserves 
so much credit) are quite at variance with his general con- 
clusion, as to absence of birds from the Dead Sea and its 
shores. Thus at pages 274 and 279 the following occurrences 
are detailed : — 

'< Started two partridges of a beautiful stone colour, so much like 
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the rocks that they could onlj be distinguished when in motion. 
Heard the notes of a solitary bird in the cane-brake which we could 
not identify. The statement that nothing can live upon the shores 
of the sea is therefore disproved. The home and the usual haunt of 
the partridge may be among the cliffs above, but the smaller bird we 
heard must have its nest in the thicket. A short distance from the 
oamp saw a large brown or stone-coloured hare, and started a 
partridge. Heard another in the cliffs above, and a small bird twit- 
tering in the cane-brake beneath me. We discovered that these 
shores can furnish food for beasts of prey. Found some of the sea- 
side brachi, supposed to be alluded to in Job, and translated mallows 
in the English veraion ; also the Sida Asiatica. 

'' At 6 P.M., temperature 80° as the sun declined, the wind 
sprang up and blew freshly from the north, and I began to feel appre«- 
hensive for the boats. Towards sunset walked along ihe base of 
the mountains to the southward to look for, but could see nothing of 
them. Started a snipe, and saw, but could not catch a beautiful but- 
terfly, chequered white and brown." 

The preceding quotations announce then, contrary to all 
our preconceived ideas, that on the shores of the Dead Sea 
the sportsman may look for a goodly assortment of game, 
viz., ducks, snipe, partridge, hares, while the ornithologist 
may expect to add specimens of singing birds to his collec- 
tion, and the entomologist may perhaps succeed in capturing 
** the beautiful butterfly^ chequered white and broren^^ which 
eluded the pursuit of Lieutenant Lynch. 

Having, by the aid of Mr Lynch, so fully established the 
existence of animals, it would be unnecessary to quote the 
following passage (p. 286), relating to vegetable life, were it 
not that Mr Lynch shows that his prejudices did not prevent 
him getting a glimpse of the truth, that like physical causes 
will produce like effects, whether in Palestine or America. 

*' The plants we found here, besides the lily, were the yellow 
henbane, with narcotic properties; the nightshade or wolf-grape, 
supposed by Hasselquist to be the wild-grape alluded to by Isaiah ; 
the plant used in the manufacture of barilla; and a species of 
kale (Salicornia Europaea). This plant is found wherever salt 
water or saline formations occur. It was here upon the shore of 
the Dead Sea, and Fremont saw it on the borders of the Great 
Salt Lakey west of the Mississippi, Besides the single pistachia tree, 
there Were a great many tamarisks now also in blossom ; the flowers 
small and of a dull white colour ; the wood of the tree makes ex* 
cellent charcoal, and, in the season the branches bear galls almost as 
acrid as the oak.^* 
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The following account given by Mr Monk (son of the 
Venerable Bishop of Gloucester and Bristol), of his feelings 
on first seeing and on taking leave of the shores of the Dead 
Sea, deserves special notice, not only because it appears true 
to nature, but because it suggests to the mind the suspicion 
that other travellers, who have described the same scene, 
have been influenced by preconceived opinions, to see every 
thing in a gloomy point of view : — 

P. 229. *' In about three hoars, we reached the mountain brow 
looking down upon the valley of the Jordan ; and delightfully that 
beautiful strange scenery burst upon our weary and dazzled eyes. 

^' Far from looking gloomy or curse-stricken, it was the most riant 
scene I had yet beheld in Palesftine. The Dead Lake itself was as 
brightly blue as those of Italy ; the mountains of Moab and the 
Ammonites lifted their lofty line against the early sun, and wore 
a purple hue over their multiplied cliffs and promontories.** 

P. 240. " Then came sunrise, first flushing the light clouds above, 
then flashing over the Arabian mountains, and pouring down into the 
rich valley of the Jordan. The Dead Sea itself seemed to come to 
life under that blessed spell, and shone like molten gold among its 
purpled hiUs. 

'< I lingered long upon that mountain's brow, and thought that, 
so far from deserving all the dismal epithets that have been bestowed 
upon it, I had not seen so cheerful or attractive a scene in Pales- 
tine. That luxuriant valley was beautiful as ono great pleasure 
ground ; with bosks and groves of aromatic shrubs, intermingled 
with sloping glades and verdant valleys. The City of Palms might 
still be hidden under that forest, whence the old castle just shows its 
battlements. The plains of Gilgal might still be full of prosperous 
people, with cottages concealed under that abundant shade ; and 
that dread Sea itself shines and sparkles as if its waters rolled in 
pure and refreshing waves ' o*er coral rocks and amber beds.' 

'' The road from hence to Jerusalem is drear and barren, and 
nothing but Bethany occurred to divert my thoughts from dwelling 
on the beautiful Dead Sea." 



On Eupyrchroite Phosphorite of Cronm Pointy New York. By 
Chables T.Jackson, M.D., Assayer tothe State of Mas- 
sachusetts. 

The specimens of Eupyrchroite which I have analyzed, were 
sent to me by Mr C, F. Hammond of Crown Point, and he 
writes to me, that one hundred tons of the mineral have 
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been taken from the mine, and it is understood it is to be 
employed in the preparation of phosphates for agricultural 
use. This enterprise has followed the movement which Mr 
Alger has made at my suggestion, in working the mine of 
phosphate of lime in Hurdstown, New Jersey, and I hope it 
will awaken the attention of mineralogists and geologists to 
other neglected or overlooked deposits of this valuable 
mineral, so desirable as a fertilizer, and so important as a 
constituent of the vegetable products used for food. 

When the mode of managing this manure is generally 
known, there will be a demand for it that all our present 
known localities will not be able to supply, and therefore, 
every new discovery of any extensive deposit of it, will be 
hailed with pleasure. 

I learn that measures have been taken to export this 
mineral to England, where it is most highly valued for agri- 
cultural use, particularly in the preparation of the land for 
the growth of hops.* It is also extremely valuable in the 
preparation of the soil in other crops, all of which contain 
phosphates in considerable proportions. It appears that the 
exhaustion of wheat lands by incessant cropping, without 
adequately replenishing the soil by manure, is owing to the 
removal of phosphates from the soil. Our farmers should 
. therefore look into this matter, and remedy the evil that an 
early want of attention to the chemical principles of agricul- 
ture has led them into. It is hardly necessary for me to say 



• To fertilize her fields — England requires an enormous supply of animal 
excrements, and it must, therefore, excite considerable interest to learn, that 
she possesses beneath her soil, beds of fossil guano, strata of animal excrements, 
in a state which will probably allow of their being employed as a manure at a 
yery small expense. The coprolithes discovered by Dr Buckland (a discovery 
of the highest Interest to geology) are these excrements; and it seems ex- 
tremely probable that in these strata England possesses the means of supplying 
the place of recent bones, and therefore the principal conditions of improving 
agriculture — of restoring and exalting the fertility of her fields. 

What a curious and interesting subject for contemplation ! In the remains 
of an extinct anmoZ world, England is to find the means of increasing her 
wealth in agricultural produce, as she has already found the great support of 
her manufacturing industry in fossil fuel,' — ^the preserved matter of primeval 
forests, — the remains of a vegetable world. May this expectation be realised ! 
and may her excellent population be thus redeemed from poverty and misery ! 
— LUbig^$ Letter$ on Chemistry^ third edition, p. 624. 
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that burned or ground bones may be used for the same pur- 
pose as the mineral I am about to describe ; nor will it be 
necessary to enter upon the discussion of the question as to 
the indispensable necessity of the existence of phosphates in 
food, which is to form flesh, blood, and bones, f^Mr most men 
know that they have seyen pounds of phosphate of Mae in 
their bones, and nearly as much of other phosphates in Utie 
soft parts of their bodies. It is also known that the ashes 
of all cereal grains contain almost fifty per cent, of phospho* 
ric acid, united with lime, potash, soda, and magnesia, and that 
plants derive their phosphates from the soil, which contains 
generally but a very minute proportion, rarely amounting to 
three-tenths per cent. 

Description and Analysis. 

This mineral was first described by Professor E. Emmons, 
in his report on the geology of New York, and was analyzed 
by Professor Lewis G. Beck, and published in his report on 
the mineralogy of New York, p. 240 ; but his specimens dif- 
fer somewhat from mine in their physical characters. It 
was named Eupyrchroite by Professor Emmons in allusion to 
the beautiiiil emerald green light which it gives out when 
throvm on heated iron, its phosphorescence being nearly 
equal to the chlorophane fluor spar of Connecticut. 

The Eupyixjhroite phosphorite occurs in botryoidal concre^ 
tions having a fibrous structure, and an ash gray or bluish gray 
colour, the concretions being made up of successive layers of 
different shades of colour. Their surface is frequently covered 
with a delicate film of iron pyrites which scales off readily 
when scraped with the knife. Its specific gravity is 3*053 ; 
Hardness 4^. Before the blowpipe phosphoresces with a 
green light at first, then gives the intense brightness cha- 
racteristic of lime salts. It glazes on the surface at a high 
temperature, but does not melt. In the glass tube it gives 
out water, which is acid, and corrodes the glass. When 
thrown in powder on metal heated nearly to redness, it ex- 
hibits a brilliant emerald green phosphorescence. Large 
fragments decripitate strongly. 

During its solution in chlorohydric or nitric acid, it effer- 
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vesces Ejightly, carbonic acid gas escaping. The quantity 
of titis gas was accurately determined by the proper appara- 
tus. In preparing the mineral for proportional analysis, each 
fragment was carefully examined with the lens, to ascertain 
that it was free from accidental mixture with other minerals. 
It was reduced to impalpable powder by levigation, and dried 
mt 212° F., and weighed while still warm. A sample of the 
mineral in coarse powder was used in the determination of 
the water contained in it. In the other steps of the analysis 
the methods as given by Rose were pursued, and the follow- 
ing results were obtained. 

Fluorine, 0-699 

Caldum, . 0-856 

Protoxide of iron, 2-000 

Water, . 0500 



Lime, 


47-280 


Phosphoric acid, 


46-710 


Carbonic acid, . 


1-218 


Lime, 


1-554 


Chlorine, 


0130 


Calcium, 


0-204 



100-000 



The fluorine as usual was expelled, and thus determined 
by difference, in the re-formation of phosphate of lime, after 
decomposition of the precipitated mixed phosphate of lime 
and fluoride of calcium, and its equivalent of calcium was 
deducted from the lime obtained as a sulphate of lime. — The 
American Journal of Science and AriSy vol. xii., 2d series. No. 
34, p. 73. 



On the Aboriginal Tribes of India. By Major-General John 
BKiaas, F.E.S., Vice-President of the Ethnological Society 
of London. 

On the occasion of the meeting of the British Association 
at Oxford, I was pressed to read a paper on the aboriginal 
tribes of India. At that period my inquiries were incomplete, 
and I was unable to trace them to any separate stock, though 
it appeared clear they were in almost every respect distinct 
from the mass of the population, consisting of Hindiis of the 
Bramanical persuasion. Since that period I have extended 
my researches, and have given two or three lectures on the 
same subject at the meetings of the Ethnological Society in 
London. 
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The Hindils are universally acknowledged to be of that 
branch of the human family denominated by Blumenbach 
Caucasian, and they believe they invaded India from the 
north-west. They were at one time further advanced in 
literature, in philosophy, in the science of mathematics^ in 
anatomy, in surgery, in medicine in all its branches, in legis- 
lation, and even in purity of religious doctrines, than their 
contemporaries in other regions of the globe. 

This description will be readily admitted, if it can be 
shown that the Vedas, or holy scriptures of this people, date, 
as is asserted, fourteen centuries before our own era ; and 
that the commentaries on a code of civil and criminal law 
(of a more ancient date) were vmtten about twenty-seven 
centuries ago. At that period, it appears, firom the latter 
work, that the Hindiis had not yet penetrated further south 
than the twenty-second parallel of north latitude, beyond 
which (the work states) there then existed " extensive forests, 
inhabited by a wild and impure race, speaking barbarous 
tongues." 

Here we find an aboriginal race clearly alluded to, and 
subsequent inquiries and monumental remains prove that 
they were a numerous people, having established forms of 
government, though living in a very simple and rude state of 
society. 

My investigations lead me to believe that these abnormal 
tribes, probably of one common stock, had previously occu- 
pied the whole of the extensive region of India, in successive 
incursions made from some other remote country. Though 
the religious tenets and civil institutions of these aborigines 
were alike, yet two separate hordes subsisted by different 
means. The one obtained their food by the chase, dwell- 
ing in or near the forests abounding with game ; the other, 
occupying the open plains, subsisted on the milk of their 
cattle (cows and buffaloes), and fed on the flesh of their flocks 
of sheep. 

These two classes were eternally at war, and the same 
aversion and innate hostility against each other exist at the 
present day. At the time the Hindiis entered India, both 
classes of this race appear to have been spread over the whole 
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surface of the country, under the several denominations of 
Minlls> M^rs, Bhils, Dhiro Eolies, Mhars, Mangs or Mans, 
Beders, Dh^rs, Gowlies, Carumba, Cherumars^ Morawa, Col- 
lary, Pully, Pariah, Yenedy, Chenchy, Barka, Tallary, Gond, 
Eond, Sawara, Banderwa, Cheru, Bengy, Eooki, Garro, Eassia, 
Haj'in, Bhar, Dhanuk, Dhome, with many others, of which I 
have not sufficient details. 

Among these tribes, the et3rmoIogist may without diffi- 
culty trace the names of many of the territorial divisions 
which have been assigned to several portions of India by the 
Hindis. 

Thus, Eolwan, from the Eoles ; Bhilwan and Bhilwara, 
from the Bhils; Mhar-rashtra, by contraction Mharatta, 
from the Mhars; Man Desa, from the Mans or Mangs ; the 
city of Beder, from the Beders ; Gondwara, from the Gbnds ; 
Oria-Desa or Orissa, from the Orias ; Eolwan and Eoliwara, 
from the Eoles ; Bengala, from the Bengies ; Behar, from the 
Bhars; Merwar or Marwar, from the M^rs; as also the 
forts of Ajmere, Jessalmere, Combelmere, so called affcer 
chiefUdns of the M^r race ; and Ahirwara, from the Ahirs. 

At what precise period the Hindu invasion from the west 
first occurred it is impossible to say, but the geography of 
India indicates at once, that that race necessarily came 
through Affghan'istan and the Punjab ere it turned the bor- 
ders of the Great Desert and penetrated in the direction of 
Dehli. One of the ancient Hindu works leffc to us, indicates 
that at a very remote period a great war broke out between 
the sovereign princes of the Punjab and those of the Plain, 
including Hastnapoor, since called Dehli, and the latter 
people, aided by the princes of Mathura and others, main- 
tained on the field of Panipeet a long and desperate conflict. 

There is every reason to believe that the Hindu race gra- 
dually overspread the territory of Upper India, east and west, 
between the Himalaya Mountains and the Great Desert, 
without penetrating to the south for many centuries ; that 
it enslaved the aboriginal races as it subdued them, compel- 
ling them to till their own lands as serfs, and took from 
the latter the whole produce, except what was actually re- 
quired as food for the tillers of the soil. 
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The Hindu race introduced into India municipal institu- 
tions wherever they formed townships. To each of these 
were attached a certain number of families of the aboriginal 
tribes, as villains or prsedial servants of the community. The 
Hindiis brought with them also the Sanscrit language, not 
in its present highly refined state, but as a colloquial tongue. 
Hence it comes that the language of the aborigines has in 
many parts gradually disappeared. 

The historical as well as the religious works of the Hindiis, 
of a comparatively modem date, together with monumental re- 
mains existing in sculptured edifices and rock caves, all tend 
to show that no portion of the peninsula of India was sub- 
dued by them anterior to the fifth century of the Christian 
era. About that time it is supposed that the peninsula be- 
came gradually overspread by the Bramanical race. They 
seem to have entered in two directions ; the one firom Guze- 
rat, gradually extending over Khandeish and Berar, till they 
reached to the forests which fringe the banks of the river 
Wurda, where it meets with the Godavery ; the* other inva- 
sion, according to tradition, occurred about the same time. 
It passed from the valley of the Ganges, and penetrated 
southward along the line of coast of the Bay of Bengal, keep- 
ing within the range of mountains on the east and the ocean, 
till after reaching the embouchures of the Godavery and the 
Kistna, the invaders spread out over the plain, and proceeded 
southward. It has been assumed that about the same period, 
the Bhudists, a peculiar sect of Hindiis, reached the shores 
of Ceylon and Southern India from the opposite coast, and 
thence proceeding northward, spread their religious doctrines 
among the aborigines. About the ninth or tenth century, 
the Bhudists and Bramans appear to have met fvoaa opposite 
directions, which led to deadly conflicts, and ended in the 
Bramans putting down the Bhudist tenets. 

We have historical proof that the island of Bombay was 
not subjugated to the Hindu rule till the fourteenth century : 
and that in the beginning of the next century the Mahomme- 
dans found princes of the aboriginal race occupying in force 
several strongholds not far from Poena. The town and dis- 
trict of Sorapoor, lying between Hydrabad and the western 
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moantainB, is still held by an aboriginal ohief wiili a portion 
of his tribe; and within the memory of man the kingdom of 
Mysore contained several principalities of the B6der race. 
Further south, the Morawas and Collars obtained celebrity in 
modem times by their adhesion to one or other of the Euro- 
pean belligerent powers (France and England), and evinced 
fidelity and even devotion to the cause of the party wfaidi 
eadbi ^aEpmwsd, Further north we find iQie yast region of 
Gondwana still peopled almost entirely by the aboriginal 
race, which extends throughout the hilly districts of Orissa in 
the direction of tjie valley of tiie Ganges. The territory of 
Gondwana i^pears never to have been reduced to the condi- 
tion of a Hindu state, but has preserved through successive 
ages its institutions, its laws, and its religion intact. 

In the more northern part of India there are recorded 
instances of principalities of the aboriginal tribes which have 
resisted with great resolution, and sometimes with success, 
the efforts of tiie Hindis and Mahommedans to subdue them, 
but at present there is hardly one in existence which retains 
anything like independence in the plains ; indeed there are 
not many of any importance throughout all India, even in the 
hiUs. 

I have described the ancient Hindiis as having attained, at 
a very remote period, a high degree of perfection in literature 
and in science. They were not less remarkable for their 
civil institutions. At whatever period they settled in the 
northern regions of Upper India, there is no. doubt that (in 
common witii the greater part of the Caucasian family, of 
which they must be deemed a branch) they established 
throughout the territory they occupied, municipal institutions 
in eadi village and township, by means of which the inhabit 
tants managed their own affairs* Besides this peculiarity of 
government, the Hindis adopted the practice of dividing 
their municipalities into castes, which would neither eat to- 
gether nor intermarry. These consisted of four principal divi- 
sions, from each of which are minor ramifications. 

The four castes comprise, — 

Ist. The military, from which are sprung sovereigns and 
princes, as well as warriors. 
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2d. The priesthood, derived entirely from Bramans. 

3e/. The mercantile and mechanical tribes or families. 

4:th. The cultivator or landholder. 

As has been stated, these castes never intermarried, and 
thus kept themselves free from any admixture with any other 
race. 

The Hindiis bum their dead. They abstain from eating 
the flesh of homed cattle, and from tasting ardent spirits. 
They believe in the transmigration of souls, give themselves 
up wholly to the guidance of the Bramanical priesthood, and 
are taught to worship their ancient heroes as demigods, who 
are supposed to plead with the supreme God for those who 
in humility ask in repentance. 

The aboriginal races, one and all, differ in every respect 
from the Hindiis. Their government is strictly patriarchal ; 
all crimes are punished and disputes settled by the award of 
the elders or heads of tribes assembled. They have no pre- 
judices against animal food of any kind, whether the animal 
be slaughtered, or die a natural death. They have no muni- 
cipalities ; have no laws of caste ; they bury instead of burn- 
ing their dead. They have no regular priests, but select 
them for the moment, as necessity requires, out of the lay 
body. These are chosen usually from those believed to possess 
the power of magic. They have no other knowledge of a future 
state than what they occasionally pick up from their inter- 
course with Hindiis or with other people. Instead of offering 
up thanksgivings with a grateful heart for all the blessings 
they may enjoy, they confine their prayers to requests from the 
divinity to gratify their desires, supply their wants, and avert 
evil. For these, purposes they offer up bloody sacrifices. In 
those parts still unsubdued, such as a great part of Gond- 
wana and the contiguous tracts of Goomser and Bustar, and 
in some portion of the country lying further eastward among 
the Assam hills, they continue to make human sacrifices, a 
practice to which these races have been prone, according to 
Hindu records, from the earliest ages. 

Their offerings are made to the god of the elements, of 
floods, and of the soil ; they propitiate the goddesses of con- 
tagious and epidemic diseases. They also worship power in 
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every shape to avert danger ; hence all beasts of prey, such 
as tigers, bears, and leopards, venomous serpents and other 
reptiles ; as also the elephant and the rhinoceros in a wild 
state. 

Their domestic habits and institutions have a strong affi- 
nity to those of the great Tartar family ; they may serve as 
a specimen of the whole race. They employ whipping as a 
remedy for tertian fever and ague, as practised among the 
Turkish hordes in Persia ; and it is also adopted as a remedy 
for violent insanity, for they consider persons so afflicted to be 
possessed of an evil spirit^ whom they thus endeavour to expeh 
1 In some parts both men and women bore their ears, and 
wear heavy rings to extend the lower lobe. Unlike the 
Hindu women, they wear no bodice to support the breasts, 
instead of which, in many cases, they gracefully throw the 
end of a muslin cloth, ten or twelve yards long^ as it comes 
from the loom, round the body, and which is tastefully 
arranged so as to cover the person. Their weapons are the 
sword, the bow and arrow, the javelin, and almost univer- 
sally a bill-hook, which is worn in a belt over the right hip. 

The virtues of this race consist in dauntless courage, fide- 
lity and loyalty to their superiors and chiefs, and probity 
towards those with whom they may have entered into engage- 
ments. They have great regard to truth, and exercise hospi- 
tality, and are generous in their dealings with each other, as 
well as with strangers. 

In Eajput^a, such is the consideration they obtain from 
the Hindu princes, that the latter submit to the form of being 
placed on the throne by an aboriginal chieftain, from whom 
each receives on his succession a recognition of his sovereignty 
by the impression of a spot of blood fresh drawn from the 
foot of one of the ancient race. 

This act ensures devotion and loyalty ; these are never 
withheld unless in case of some acts of wanton oppression on 
the part of the sovereign, which calls forth resistance and 
open war. Such are the virtues of the aboriginal tribes. 

Among their vices may be reckoned drunkenness on all 
occasions of domestic or national festivity. Those who dwell 
in the forests and mountains chiefly subsist (where they can 
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succeed) by plundering or levying tribute on the inhabitanta 
in the open plains, on the plea of the latter having dispos- 
sessed them of their native soil. In their pursuit of thifi 
object they seldom commit murder, if it can be avoided ; but 
titey sometimes practise cruelty on their prisoners in order 
to extort confessions of concealed wealth, or to deprive them 
of the means of escape in the absence of guards, which is 
eWected in the latter case by burning the soles of the feet 
and the palms of the hands of their captives. 

Captain Newbold, of the Madras army, who has written 
on the Chenchies of Nalla Malla or Black Mountains, repre- 
sents those he saw as having long bushy hair, thick lips, high 
cheek-bones, and small but piercing eyes. Sir Richard Jen- 
kins and Colonel Agnew confirm this description in speak- 
ing of the Gonds ; and I believe no instance will be found of 
those residing entirely on the hills having the aquiline nose 
or the delicacy of feature of the Caucasian family. In this 
respect they partake rather of the Tartar or Thibetaa phy- 
siognomy than of the Hindu. 

The remote period of their settlement in India, and the 
possibility of an occasional intermixture with the Hindus, 
may in some cases have somewhat changed their physiog- 
nomy from that of their ancestors, so as to render it doubt- 
ful whether or not they are derived from that branch of the 
human family, though in their habits and institutions they 
certainly bear a strong affinity to the Tartar branch. 

It remains now to say something of their language. It 
is not disputed that when the Hind^is came to India from the 
westward, they brought with them ^hat language now recog- 
nized as Indo-Germanic, and which pervades almost all the 
spoken languages of Europe, extending from the banks of 
the Ganges westward to the shores of the Atlantic. 

There is the strongest reason to believe that the Hindus 
occupied the continent of India, north of twenty-two degrees 
of north latitude, for twenty centuries in succession before 
they invaded the south. Hence our ablest Oriental philolo- 
gists have divided the various dialects in India into two 
classes called the Northern and the Southern Groups, viz., 
the Hindi, Bhirji, Guzeratti, Mharatti, Bengali, and Oria, 
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constitute the northern group, which consists of six lan- 
guages ; and the Gondi, Telugu or Telingi, Canari, and Ta- 
mili, constitute the southern group, which consists of four 
languages* 

Each of these may be subdivided into local dialects, differ- 
ing from each other as much, and even more so than those 
of portions of the same countries in Europe ; but it is not 
my intention to enter here upon an examination of these 
dialects. 

In the languages of the northern group (especially the 
Hindi), Sir William Jones and Mr T. H. Colebrooke, after 
much pains found that nearly nine-tenths of the words have 
a Sanscrit origin. This great abundance of Sanscrit dimi- 
nishes as we proceed southwards ; and the language at the 
extreme point of the peninsula, and that spoken on the Nil- 
gherry hills, scarcely contains any Sanscrit words at all but 
those of science and abstract metaphysical terms. 

The Rev. Dr Stevenson of Bombay, one of the closest 
investigators of the Hindu institutions and languages, and 
who is well versed both in the Sanscrit and in the vernacu- 
lar tongues of the south, has discovered in the Mharatti 
(which is apparently a Sanscrit dialect) numerous words be- 
longing to the southern group. For the purpose of these 
inquiries he consulted the following dictionaries compiled by 
Europeans, viz :— 

1. Dr Hunter's Hindu, . published in 1808 

2. Campbell's Telugu or Telingi, 

3. Marshman's Bengali, 

4. Clough's Cingali (of Ceylon), 

5. Molesworth's Mhratti, 

6. Reeve's Canari, 

7. Rolter's Tamili, 

8. Guzeratti Vocabulary. 

Dr Stevenson carefully compared all these dictionaries one 
with another ; and he made out tables placing words of simi- 
lar sound and meaning in juxtaposition, by which he traced 
several hundred Vocables to be identical, though the nations 
using them are at the present day unknown to each other, 
and living hundreds of miles apart ; but not one of these 
identical words was of Sanscrit origin. 



1821 
1828 
1830 
1831 
1832 
1834 
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To Dr Reinhold Roat of Berlin I am deeply indebted fop 
the aid which he has afforded me in my philological invecH 
tigations, from his accurate knowledge of the Sanscrit and 
some of the languages of Southern India. He admits the 
propriety of classing the languages of India into the northern 
and southern groups, and allows that the former contain a 
very large proportion of Sanscrit words with a certain ad- 
mixture of words of the southern group. He remarks that 
the palatial sounds of the letters r, d, j\ ty are confined to 
India, and cannot, as stated by Dr Stevenson, be pronounced 
without difficulty by any but by a native of the province in 
which the language containing them is spoken. These sounds 
are unknown in Sanscrit. 

He is disposed to think that the Sanscrit of the languages 
spoken in the northern group owes its present grammatical 
construction to the gradual adoption of the forms of speech 
of the abnormal nations, this construction being universal 
throughout India, even among the Hill tribes, and so different 
from the rules of Sanscrit construction, that it is impossible 
to conceive the one to be derived from the other. The simi- 
larity of words and formation of sentences in the language of 
the Todas on the Nilgherry Hills, and that of the Cronds on the 
Nerbudda, is very remarkable ; and it is stated on good autho- 
rity, that some American missionaries, who had long resided 
in Mysore, could understand and make themselves under- 
stood when they spoke the Canarese language among the 
Gonds at Amarkantak. The identity of the Gond language 
with those of the south of India has been proved by myself in 
comparing 350 words of Gondi, Telingi, Mharatti, Marwari, 
and Guzeratti together, and of these scarcely one word occurs 
that is not common to one or more of those languages. 

The peculiarity of construction of all these languages dif- 
fering from the Sanscrit, consists, — 1. In the termination 
and in the conjugation of the verbs ; 2. In the preposition of 
the Sanscrit, and the languages derived from it, becoming in 
India a postposition ; 3. In the several meanings of the plural ; 
being inclusive and exclusive, such as. We — ^including the 
person spoken to and the speaker, that is — You and /, only; 
while another plural form signifies, JTe ourselves only, and 
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not you ; 4. Different words are used as adjectives in their 
application to animate and inanimate objects ; 5. The passive 
voice of verbs is formed by auxiliaries, such as to suffer, to 
fall, to get, to take, to eat ; 6. In the languages of India each 
sentence is divided into two parts, viz., the subject and the 
verb ; the latter is invariably placed at the end of the sen- 
tence. In the same way, remarks Dr Rost, the affirmative 
branch of a sentence is preceded by the negative ; the effect 
by the cause ; the inference by the reason, and the conse- 
quence by the condition, — all of which indicates a radical 
form and construction essentially different from the Sanscrit. 

Dr Stevenson winds up his dissertation on this subject, by 
arriving at the same conclusion, viz., " That Bramanical in- 
fluence has modified grammatical structure, and introduced 
into the northern group of Indian languages some affixes for 
those in former use, especially in the inflexion of nouns, need 
not be denied, but the general structure of all of them has 
remained unaffected. There is as little analogy in the con- 
struction of a Hindu or Mharatti sentence to the syntax of 
the Sanscrit, as there is in that of an English or French 
sentence to that of the Latin.*' 

The next question, then, is to consider to what great class 
these Indian languages belong. We are naturally disposed to 
place them in the position indicated by the physiology of the 
people, and in support of this conclusion we have the foUowr 
ing testimony. The peculiarity of the plural, which has 
been pointed out, belongs to the Manchou and Mongolian 
tongues, and also to the Malayan, an offset of the same fa- 
mily. " The peculiarity of structure of the Indian languages 
belongs equally," says Dr Host, " to those of Northern Asia. 
Of this the position of the pronoun affords proof; also the 
same use of an affix, to supply the places of the inflexions in 
the Sanscrit and its derivatives the Greek and Latin. The 
Mongolians and the Indians use special personal pronouns 
to denote respect ; they also use a distinct relative participle 
in lieu of a relative pronoun. 

" In short,*' observes Dr Rost, " the same rigorous struc- 
ture of sentences pervades the whole class of Indian lan- 
guages and those of Upper Asia, and which cannot be better 
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explained than it has heen hy Gablenz, in hiB ^ Grammaire 
Mandchou,' p. 276 : • On y place toutes les expressions mo- 
dificatives, avant celles auxquelles elles s'appliquent ; ainsi 
Tadjectif arant le snbstantif ; le r^gi avant le mot qu'il regit ; 
le r^me direct et indirect avant le verbe ; Texpression mo- 
dificative avant Texpression modifi^e; la proposition inci- 
dente, eonditionelle, circonstantiale, hypothetique, et causale 
avant la proposition principale.' '* 

Almost all these peculiarities differing from the Sanscrit 
constraction, are participated in by the languages of Thibet 
and Burma, which Dr Rost considers to be the connecting 
link between the languages throughout India and the Chi- 
nese. 

In confirmation of the opinions of Rost and Gablenz, I find 
Professor Westergard of Copenhagen, in writing to a friend 
in London, so late as September 1846, observes, ** I never 
entertained any doubt of these (the Indian) languages being 
of Scythian descent, — a term which I adopt from Bask for 
the stock of languages usually called Tartar, and which I 
prefer as a more general name to be adopted in speaking 
of the Fins, the Mongols, and the Deckan or southern lan- 
guages of India." Professor Bask, alluded to by Professor 
Westergard, who passed some years in the south of India, 
was an excellent Sanscrit scholar, and was also well ac- 
quainted with the Tamili, writes in like manner : — ^* I am of 
opinion, that not only are many words of the southern group 
of languages (in India) common to those of Upper Asia, but 
that the construction of the whole of them differs essentially 
from the Sanscrit, and is based on the languages of Northern 
Asia." 

The supposition that all the aborigines are derived from 
the stock of Northern Asia, meets with strong additional 
confirmation when we find a very prevalent opinion to that 
effect confirmed by tradition, as in the ancient poems of 
Chand and others of the bards of Bajputana, who desmbe 
the Gujers and the Jats as of the Tacshac or Scythian race, in 
common with the Gackers, since converted to Mahommetism, 
which are spoken of as the bravest of the opponents of Mah- 
miid of Ghizny, in the tenth and eleventii century, in the Pun- 
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jab, and on th^ banks of the Indus. When the remote period 
of the Hindu invasion is considered, which cannot by any pos- 
sibility be less than thirty-two centuries ago, — ^when there 
are so many proofs from tradition and history that they 
found India peopled by races of hunters and herdsmen,-^ 
when we find these races still existing in every part of India, 
and living in a state of predial slavery in towns as a portion 
of eacb village community, and in the hills claiming the 
right of the soil, though dispossessed of it, — ^we cannot fail 
to recognize the fact of their being a wholly distinct people 
froifl the Hindus. To establish with any degree of certainty, 
however, tl^eir origin, may well be deemed a difficult task. 
In my endeavour to dq so, I ha<ve, I think, shown that the 
whole of those who have been described as aborigines must 
belong to one great family ; that they in many respects re- 
semble the character of the great Scythian horde ; that they 
are also found to partake of the features of the same race ; 
and that all the Indian languages differing in construction 
from the Sanscrit (the language of the Hindils), assimilate 
not only in grammatical form, but also in words, with the 
Tartar tongue. 

While writing this paper, I have met with a singular co- 
incidence of language and physiological character, in the 
remarks of Dr James Bird, the president of the Bombay 
branch of the Eoyal Asiatic Society of Great Britain and 
Ireland. That gentleman read ^ome time since a paper be- 
fore the Ethnological Society, on the affinity of the lfl,nguage 
of the Gonds, the purest of all the aborigines of India, and 
the mountaineers east of the Himalaya chain, giving rise to the 
Ganges and to the BramaptLtra river, and which are denomina- 
ted Bhiitia. Of these Dr Bird remarks, the connection of this 
race with the Nomadic Tartar tribes possessing the central 
region of Upper Asia, may perhaps account for that mixture 
of Sabeism which prevails in the religious worship of the 
Gonds, and is characteristic of tiie superstitious system of 
belief existing among the Mongolian tribes. Mr Bradley, 
who has taken some pains on this suhject, traces also ^ close 
connection between tlie language of the Gonds and t^at pf 
tiie Bnnnas, called by Mr Marsden Qm^^ bmoHo^, signify- 
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ing literally the aborigines of the Malayan or Malacca pe- 
ninsula. 

The result of all my inquiries on the several aboriginal 
tribes of India, leads me to the following conclusions : — ^First, 
that they are of a stock essentially diflfering, in almost every 
character of a race, from the Caucasian Hindu. That the 
whole have a common origin ; and though they may have 
come, as they probably did at different times, both from the 
east and from the north, they are all derived from the same 
great Tartar horde, and undoubtedly inhabited India ante- 
rior to the invasion of that ancient and venerable people the 
Hindxis. The latter, proceeding eastward from Persia, ex- 
tended over the barbarous nations of India, and introduced 
their laws, their civil institutions, and their language, at 
the same time enslaving the aborigines wherever they settled. 
The exclusive rules of caste forbade the intermixture of the two 
races ; and this circumstance alone suffices to account for the 
separation having continued to exist for so lengthened a period. 

While the Hindu branch of the Caucasian family proceeded 
eastward, other portions of the same race spread themselves 
westward, and became the progenitors of the present Euro- 
pean race. They subjected those they subdued to the yoke of 
slavery, as serfs of the soil ; they brought with them the San- 
scrit or Indo-Germanic tongue ; and to them Europe owes 
the introduction of that system of municipal administration 
which is the only true foundation of free institutions and 
constitutional government. 



Examples of Exuviation^ or the Change of the Integuments of 
Animals in the Crustacean Tribes. By Sir JOHN GRAHAM 
Dalyell, Bart., author of the Bare and Remarkable 
Animals of Scotland. 

All animals are invested by a skin — ^an external covering 
or integument of various quality. In general the skin simply 
expands with the growth of the subject which it invests ; 
but where the integument is not susceptible of such enlarge- 
ment nature has provided effectual substitutes in its place. 
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This is most favourably illustrated by the history of the 
crustacean tribes. 

While occupied with the Cancer Mmnaa, the Shore or 
Harbour Crab, a dingy brown specimen, A, of. medium size, 
with one limb white, was put outside the window on a sum- 
mer evening, in a capacious glass vessel of sea-water. In the 
morning a form exactly resembling its own, only somewhat 
larger, lay in the vessel. This was a new shell, exuviation 
having taken place in the night. The resemblance was com- 
plete ; every organ, even the white limb, was seen in both. 
The natural colour of this species is green, or it is often 
variegated green and white, and is sometimes reddish. 

Another specimen, B, was caught of smaller size, the op- 
posite extremities of the limbs being only thirteen lines 
asunder, its colour green, with three white patches on the 
back. In the course of little more than a year five exuviations 
took place at irregular intervals, the new shell and animal 
being successively larger on each. The third shell came in 
uniformly green, the white being entirely obliterated. The 
limbs expanded two inches and a half on the fourth exuviation. 

As this subject was a male, a female of about the same 
size was introduced into its vessel soon after the fifth exuvi- 
ation, but only after they were gorged with food to avert 
hostilities. Both gave unequivocal symptoms of satisfaction. 
Their union followed, the breastplate, or (more properly) the 
apron of each being folded back. This female underwent 
several exuviations. Its shell was originally of a beautiful 
intermixture of green and white. On the first exuviation the 
new shell appeared in perfect purity, with precisely the same 
colours distributed in the same manner. This shell subsisted 
210 days. The male survived but a short time ; nor did the 
union of the animals prove prolific. 

Numerous other examples were aflRorded by the Cancer 
Mcmas all to the same purport. The observer must feed the 
subject of experiment frequently, that is, every day or every 
second day, and renew the sea water as often. Nothing 
prognosticates exuviation unless abstinence for one or more 
days previously, and greater quiescence. The colours are 
alike vivid on exuviation, as if the animal were at large ; but 
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if it be a defective specimen, mutilated perhaps of both large 
claws, or of the eight limbs, all these ten organs will come 
in perfect and entire on the first subsequent exuviation, as 
an integral portion of the new shell. On the other hand, no 
subsisting shell which is mutilated seems ever to acquire a 
new limb. There is naturally a great disparity in the size 
of the claws of various genera. It is difficult to explain 
eithei^ the formation and position of the new shell within the 
existing animal, or how it escapes on exuviation. 

For a long time I concluded that the new parts were de- 
rived froiii the old, tiiat a claw was generated within a claw, 
a limb within a limb, the eyes within the eyes ; thence con- 
curring in the prevalent opinion, that on exuviation each was 
withdrawn from the pre-existing organ as from a sheath. 
Nature seems to conduct her operations otherwise. But the 
means are most obscure. 

The adult of the common crab. Cancer Pagurus^ is of a 
reddish brown colour, darker or lighter, the claws always 
tipped black ; but some of the young are naturally of the 
purest white, which remains long unsullied. This is not in- 
cident to confinement, which has no efl^ect on colour. 

A young white specimen, 0, was taken among others on 
September 29. The body might have been circumscribed by 
a circle, nine lines or three quarters of an inch in diameter, 
and the extended limbs by one and a half inch in diameter. 
Its first exuviation ensued on November the 8th ; the second 
on the 30th of April following. The shell now produced 
subsisted until September 12, when another exuviation took 
place, introducing a new shell of such pure and transparent 
white that the interior almost shone through it. All the shells 
were white, and somewhat larger successively. This last 
shell of September 12 subsisted until March 29, being 197 days, 
when it was evacuated by another exuviation, introducing 
its contents, D, to view. The new animal, as I must call it, 
D, had only the two clawB ; all its eight limbs were deficient. 
Resting on the breast, I did not at first discover the fact, but 
the creature presented a very strange and uncouth aspect. 
However, it fed readily and proved very tame, though help- 
less, often falling on its back, not able to recover itself from 
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wauting the limbs. I preserred this mutilateiTsabject with 
uncommon care, watching it almost incessantly day and 
night; expecting another exuviation which might be attended 
with interesting consequences, I felt much anxiety for its 
survivance. My solicitude was not vain. After the defec- 
tive shell had subsisted eighty-six days, its tenant meantime 
feeding readily, the desired event took place in a new exuvi- 
ation on June 23. 

What was now disclosed \ Still another animal, E, came 
forth, and in the highest perfection, quite entire and symme- 
tricaly with all the ten limbs peculiar to its race, and of the 
purest and most beautiful white. I could not contemplate 
such a specimen of nature's energies restoring perfection, 
and through a process so extraordinary, without admiration. 
Something yet remained to be established — ^Was this per- 
fection permanent, or was it only temporary \ Like its pre- 
cursor, this specimen, a very fine one, was quite tame, 
healthy, and vigorous besides. In 102 days it underwent 
exuviation, when the new animal, F, appeared in all per- 
fection, with a shell of snowy white and a little red speckling 
on the limbs. Finally, its shell having subsisted 189 days, 
was succeeded by another, G, of equal beauty and perfection, 
the speckling on the legs somewhat increased. As all the 
shells had gradually augmented, so was this much larger 
than any ; the limbs extended would have occupied a circle 
of four inches diameter. About a month after this last ex- 
uviation the animal perished accidentally, having been two 
years and eight months under observation. This was a fine 
and interesting specimen, extremely tame and tranquil, al- 
ways coming to the side of the vessel as I approached, and 
holding up its little claws as if supplicating food. Thus the 
perfection r^ained is permanent ; nature preserves the sym- 
metry she originally designed. 

A weaker specimen of the Cancer Mcenas^ H, had been mu- 
tilated of both claws and six limbs by the preceding animal 
when first taken. Crabs are in general extremely conten- 
tious, many species waging a war, even to exterminaticH), 
against each other. This mutilated specimen survived several 
weeks, and died apparently of abortive exuviation — ^not of its 
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wounds, — when I thought the new animal to be produced 
might bediscovered lying with the limbs folded over the breast. 

Another small crab, I, having lost five limbs, including one 
of the claws, was diligently preserved. As reproduction is 
first announced by a papilla rising from the remaining stump 
in the mutilation of fleshy animals, I watched the several 
stumps here preserved, without adverting to the improbability 
of the same process when there was a casement of shell ; yet 
I was so much influenced by what I had heard and read, that 
I began at length to believe papillse actually perceptible ; but 
in due time the illusion was dispelled by the appearance of 
the new animal with all its ten limbs perfect, on exuviation. 
No regenerating limb ever protrudes from the vacant stump. 
Under all these circumstances, it is evident that the new sub- 
ject — ^the shell and the animal — to be produced on exuviation, 
must be concentrated within the smallest possible bounds, 
lying with limbs crossed over the breast in the original shell, 
which sunders or gapes between the hind pair of limbs, to 
allow its exit when mature. 

Precisely the number of defective organs is presented by 
exuviation along with the rest. A specimen of the Cancer 
(or Portunus) pusilius, whose limbs expanded two inches be- 
tween the opposite extremities, had lost both the claws. From 
this defect it fed itself with difficulty, for the claws of all 
crabs, lobsters, and such animals are employed just as the 
human hands. Both claws however appeared perfect in the 
new animal introduced on exuviation. The same occurred 
where only one pincer of the forceps of a claw was defective. 
Taking everything in view, therefore, the whole parts con- 
stituting the entire animal must be produced or reproduced 
within the original or subsisting shell ; but generated or re- 
generated. The time and mode whereby this is efi^ected, I 
must leave more skilful physiologists to determine. 

The course of exuviation of the lobster tribe may be conve- 
niently followed in the Crangon or shrimp, which is easily kept 
and fed, and becomes very tame ; also the process is frequent. 
The integument separates entire, and is almost colourless. 

The Cancer Bernhardus^ the Soldier or Hermit Crab, is in- 
termediate between the Cancer and Astacus. As only the 
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upper half is invested by a shelly covering, its exuviation is 
limited in correspondence, there being nothing to separate 
from the lower, the fleshy portion. The peculiarities of exu- 
viation by the other crustacean genera, being sought from 
themselves, will be found extremely interesting by the 
practical naturalist. 

In as far as I have been able to ascertain, prolific females 
are exempt from exuviation during the period of gestation. 
The spawn or roe adhering externally to the shell would be 
endangered by such a process. This spawn, which is seen 
in beautiful variety in colour and quantity, often resembles 
luxuriant clusters of currants or grapes, each capsule con- 
taining a foetus, which is discharged on maturity, while the 
spawn still remains in situ. The young has no resemblance 
whatever to the parent. 

The preceding facts, combined with many other observa- 
tions, lead to the following conclusions : — 

1. The crustacean tribes are invested by a rigid inexpan- 
sible shell. 

2. As the existing shell cannot dilate to allow the incre- 
ment of the animal, it is wholly cast off by exuviation^ to 
make way for another, which is always of larger dimensions. 

3. This exuviation, commencing at very early age, is 
repeated at irregular intervals during the progress of incre- 
ment, each successive shell with its animal exceeding the 
size of its precursor. 

4. The larger or new shell and animal are generated or 
regenerated within the existing shell, which opens for its 
exit when mature. 

6. No enlargement of the new subject is sensible after 
production. 

6. Whatever the mutilation may be which the existing shell 
and animal have undergone, the new subject is always pro- 
duced entire and perfect by exuviation. 

7. Prolific females are exempt from exuviation, that their 
spawn adhering externally may not be exposed to injury. 

8. The young of many crustaceans, which bear no resem- 
blance to the parent, attain symmetry and perfection through 
the medium of successive metamorphoses. 
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Comparison of the Modifications of the Osseous Structure of 
the Megatherium with that in other known existing and 
extinct species of the Class Mammalia : Being an Abstract 
of a Memoir read by Professor Owen to the Royal Society 
of London. 

Having completed the description of the skeleton of the 
Megatherium) which was illustrated by an extensive series 
of accurate and highly finished drawings, the Professor com* 
pares the modifications of the osseous structure of this gi- 
gantic extinct animal with that in other known existing and 
extinct species of the class Mammalia, in the following 
terms : — 

Osseous Strticture of the Megatherium^ eompared with that in other 
known existing and extinct species of MammaUa. 

The teeth agree in number^ kind, mode of implantation 
and growth, with those of the Sloth, and their stractore is a 
modification of tiiat peculiar to the Sloth tribe. All the mo- 
difications of the skull relating to the act of mastication^ 
especially the large and complex malar bone, repeat the 
peculiarities presented by the existing Sloths. There are 
the same hemispheric depressions for the hyoid bone in the 
Megatherium as in the Sloth* In the number of cervical 
vertebrsB the Megatherium, like the two-toed Sloth, agrees 
witii the Mammalia generally. In the accessory articular 
surfaces afforded by the anapophyses aad parapophyses of 
the hinder dorsal and lumbar vertebrsB, the Megatherium re- 
sembles the Ant-eaters (Mgrmecophagce) ; but it does not 
resemble the Armadillos {Dasgpus) in having long meta|K)- 
physes, the peculiar development of which, in those loricated 
Brutay has a direct relation to the support of their bony 
dermal armour. In the mesozygapophyses of the middle 
dorsal vertebrsB, the Megatherium is peculiar. In the small 
extent of the produced and pointed symphysis pubis, it re- 
sembles the Sloths; and in the junction, of both ilium and 
ischium with the sacrum, it manifests a character common 
to the Edentate order ; but in the expanse and massiyeness 
of the iliac bones, it can only be compared with other extinct 
members of its own peculiar family of Phyllophagous Edentata. 
Its habits necessitating a strong and powerful tail, we find 
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this reftetnblitig, i& its bony struotnre, that of other Edentata 
with a similar appendage^ especially in the independency 
of the two hastnapophyses of the first caudal, a charac- 
ter which obtains in the great Ant-eater and in some Arma- 
dillos ; but this is no evidence of direct affinity to either of 
these families ; the habits of ihe small arboreal Sloths render 
their eminently prehensile limbs sufficient for their required 
movements, and the tail is wanting. Had that appendage 
been proportionally as large as in the Megatherium^ we can- 
not suppose that the caudal vertebrse would have materially 
differed ^m Uiose of oilier Edentata. 

In the coalescence of the anterior vertebral ribs with the 
bony sternal ribs, the Megatherium resembles the Sloths* 
This essential affinity is still more marked in the peculiari- 
ties of the scapula and of the carpus. In the Myrmecophaga 
jubata the scaphoid is distinct: in the Mams it coalesces 
with the lunare : in the DaaypUs giguB the trapezoides is an- 
chylosed to the second metacarpal: in the 2>a«. sexemcfus it 
has coalesced with the trapezium. Not any of these charac- 
teristics are manifested hy the Megatherium ; its carpus 
repeats ihe peculiarities of that in the Sloths, viz., the re- 
daction of the number of carpal bones to seven, by the 
coalescence of the scaphoid with the trapezium. The first 
digit (poUex) which is retained in the Ant-eaters and Arma- 
dillos, is obsolete in the Megatherium, as in the Sloths and 
Orycteropus : tibree digits are fully developed and armed with 
claws, as in the Bradypus tridactytus; and the fiftii, though 
incomplete in the Megatherium, is better developed, because 
it was required in the ponderous terrestrial Sloth, for its 
progression on level ground. In no existing ground-dwelling 
Edentate is the fifth digit deprived of its ungual phalanx, as 
in the Megatherium. The bones of the fore foot of that 
extinct animal are thus seen to be modified mainly after the 
type of the Bradypodidce. 

The long bones of all the limbs are devoid of medullary 
cavities, as in the Sloths. The femur lacks the ligamentum 
teres, as in the Sloths. The fibula is anchylosed to the 
tibia at both ends in Megatherium, as in Ba^pua ; but this 
is not the case in the closely allied extinct Megatiierioids 
called Mylodon, JUeffalonix, and Scelidoiherium^ a. fact which 
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diminishes the force of the argument which Cuvier de- 
duced from the coalesced condition of the bones in the 
Megatherium in favour of its affinities to the Armadillos. The 
semi-inverted but firm interlocking articulation of the hind 
foot to the leg shows the peculiarities of that joint in the Sloths 
exaggerated, and departs further from its characteristics in 
other Edentata. In all the existing Edentata, save the Sloths, 
the hind foot is pentadactyle, and four of the toes have a long 
claw, even in the little arboreal Mytmecophaga didactyla; the 
departure by degradation from the pentadactyle type is a pecu- 
liar characteristic of the Sloth tribe in the order. It is carried 
further in the same direction in the great extinct terrestrial 
Sloths. In these the mutilation of the foot has commenced 
on the outer side by the removal of the ungual phalanx from 
the fifth and fourth toes ; but this accompanied by modifica- 
tions which adapt these toes to the important office of support 
and progression of the body on level ground. In the scansorial 
Sloths, the three middle digits being equally developed for 
prehension, one toe on the outer and one on the inner side 
of the foot are reduced to their metatarsal basis. In the 
Megatherium, the mutilation of the foot on the inner side is 
carried to a greater extent ; the innermost toe, or hallux, 
with its entocuneiform bone, is wholly removed ; the second 
toe is represented, like the first in the Sloths, by its cunei- 
form bone and a coalesced rudiment of the metatarse ; and it 
is only the third toe, or medius, that repeats the condition of 
the claw-bearing toes in the climbing Sloths. 

Habits and Food of the Megatherium. 
Finally, the Professor enters upon the question of the 
habits and food of the Megatherium. Guided by the general 
rule that animals having the same kind of dentition have the 
same kind of food, he concludes that the Megatherium must 
have subsisted, like the Sloths, on the foliage of trees ; but 
that the greater size and strength of the jaws and teeth, and 
the double-ridged grinding surface of the molars in the Me- 
gatherium, adapted it to bruise the smaller branches as well 
as the leaves, and thus to approximate its food to that of the 
Elephants and Mastodons. The existing Elephants and the 
GirafiFe are specially modified to obtain their leafy food ; the 
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one being provided with a proboscis, and the entire frame of 
the lofty Giraflte adapting it to browse on branches above the 
reach of its largest ruminant congeners. If the Megatherium 
possessed, as Ouvier conjectured, a proboscis, it cannot, judg- 
ing from the suborbital foramina, have exceeded in size that 
of the Tapir, and could only have operated upon branches 
brought near its mouth. Of the use of such a proboscis in 
obtaining nutritious roots, on the prevalent hypothesis that 
such formed the sustenance of the Megatherium, it is not 
easy to speculate ; the hog's snout might be supposed to be 
more serviceable in obtaining those parts of vegetables ; but 
no trace of the prsenasal bone exists in the skulL A short 
proboscis would be very useful in rending off the branches of 
a tree prostrated and within reach of the low and broad- 
bodied Megatherium, and it would be aided in this act by 
the tongue, of which, both the hyoid skeleton, by its strength 
and articulation, and the foramina for the muscular nerves 
by their unusual area, attest the great size and power. 

As regards the limbs, the Megatherium differs from the 
Giraffe and Elephant in the unguiculate character of certain 
of its toes, in the power of rotating the bones of the fore- 
arm, in the corresponding development of supinator and ento- 
eondyloid ridges in the humerus, and in the possession of 
complete clavicles. These bones are requisite to give due 
strength and stability to the shoulder-joint for varied actions 
of the fore-arm, as in grasping, climbing, and burrowing ; 
but they are not essential to scansorial or fossorial quadru- 
peds ; the Bear and the Badger have not a trace of clavicles, 
and the mere rudiments of these bones exist in the Rabbit 
and the Fox. We must seek, therefore, in the other parts 
of the organization of the Megatherium, for a clew to the 
nature of the actions by which it obtained its food. In 
habitual burrowers the claws can be extended in the same 
plane as the palm, and they are broader than they are 
deep. In the Megatherium the depth of the claw-phalanx 
exceeds its breadth, especially in the large one of the middle 
finger ; and they cannot be extended into a line with the 
metacarpus, but are more or less bent. Thus, although they 
might be used for occasional acts of scratching up the soil. 
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they are better adapted for grasping ; and the whole structure 
of the fore foot militates against the hypothesis of Pander 
and d'Alton» that the Megatherium was a burrowing animal. 
The same structure equally shows that it was not, as I>r 
Lund supposes, a scansorial quadruped ; for, in the degree 
in whieh the foot departs from the structure of that of the 
existing Sloths, it is unfitted for climbing ; and tixe outer 
digit is modified, after the ungulate type, for the exclusive 
office of supporting the body in ordinary terrestrial progres- 
sion. It may be inferred from the diminished curvature and 
lengthy and from the increased strength and the inequality of 
the claws, especially the disproportionately large size of that 
weapon of the middle digit] that the fore foot of the Mega- 
therium was occasionally applied by the short and strong 
fore limb in the act of digging ; but its analogy to that of 
the Ant-eaters teaches that the fossorial actions were liniited 
to the removal of the surface soil, in order to expose some- 
thing there concealed, and not for the purpose of burrowing. 
Such an instrument would be equally effective in the dis- 
turbance of roots and ants ; it is, however, still better adapted 
for grasping tbaii for delving, But to whatever task the 
partially unguiculate hand of the Megatherium might have 
been applied, the bones of the wrist, fore-arm, arm and 
shoulder, attest the prodigious force which would be brought 
to bear upon its execution. The general organization of the 
anterior extremity of the Megatherium is incompatible with 
its being a strictly scansorial or exclusively fossorial animal, 
and its teeth and jaws decidedly negative the idea of its hav- 
ing fed upon insects ; the two extremes in regard to the length 
of the jaws are presented by the phyllophagous and myrme- 
cophagous members of the Ddentate order, and the Mega- 
therium in the shortness of its face agrees with the Sloths. 

Proceeding then to other parts of the skeleton for the solu- 
tion of the question as to how the Megatherium obtained its 
leafy food, the author remarks that the pelvis and hind limb^ 
of the strictly burrowing animals, e.^., the Mole, are remarkr 
ably slender and feeble, and that they offer no notable 
development in the Rabbit, the Orycterope, or otiiep less 
powerful excavators. In the climbing animals, as, ^,^., th& 
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Sloth and Onuig, the bind legs are much shorter than the 
fore legs, ftnd even m those QuadramaDa in which the pre^ 
hensile tail is superadded to the sacrum, the pelyis is not 
remarkable for its size or the expansion of the iliac bones. 
Sut in the Megatherium the extraordinary size and massive 
proportions of the pelvis and hind limbs arrest the attention 
of the least curious beholder, and become eminently sug- 
gestive to the physiologist of the peculiar powers and actions 
of the animal. The enormous pelvis was the centre whence 
muscular masses of unwonted force diverged to act upon the 
trunk, the tail, and the hind legs, and also by the " latissimus 
dorsi" on the fore limbs. The fore foot being adapted for 
scratching as well as for grasping, may have been employed 
in removing the earth from the roots of the tree and detach- 
ing them from the soil. The fore limbs being well adapted 
for grasping the trunk oS a tree, the forces concentrated 
upon them from the broad posterior basis of the body may 
have co-operated with them in the labour, to which they are 
so amply adapted, of uprooting and prostrating the tree. To 
give due resistance and stability to the pelvis, the bones of 
tibe hind legs are as extraordinarily developed, and the strong 
and powerful tail must have concurred with the two hind 
legs in forming a tripod as a firm foundation for the massive 
pelvis, and affcxrding adequate resistance to the forces acting 
from and upon that great osseous centre. The large pro* 
cesses and capacious spinal canal indicate the strength of the 
muscles which suvrounded the tail, and the vast mass of 
nervous fibre from which those muscles derived their energy. 
The natural co-adaptation of the articular surfaces shows that 
the ordinary inflection of the end of the tail was backwards 
as in a eauda fulciens^ not forwards as in a cauda prehenaUis, 
Dr Lund's hypothesis, therefore, that the Megatherium was 
a climber, and had a prehensile tail, is destroyed by the now 
known structure of that part. 

But viewing, as the Professor conceives, the pelvis of the 
Megatherium as being the fixed centre towards whid^ the two 
legs and fore part of the body were drawn in the gigantic 
leaf-eater's efibrts to uprend the tree that bore its suste- 
nance, the colossal proportions of its hind extremities and 
tail lose all their anomaly, and appear in just harmony with 
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the robust claviculate and unguiculate fore-limbs with which 
they combine their forces in the Herculean labour. 

The Professor then referred to the Mylodon rohustut^ a 
smaller extinct species of the same natural family of phyllo- 
pagus Bruta^ and to the additional arguments derivable from 
the skeleton of that animal in favour of the essential affinity 
of the Megatherium to the Sloths ; and the light which the 
remarkable healed fractures of the skull of a specimen in the 
Museum of the College of Surgeons threw upon the habits 
and mode of life of the species. 

Hypothesis of the Degeneration of the Ancient Megatherioids of 
South America into Modern Sloths, erroneous. 

Finally, with reference to the hypothesis of the German 
authors and artists of the degeneration of the ancient Mega- 
therioids of South America into the modern Sloths, the author 
remarked that the general results of the labours of the anato- 
mists in the restoration of extinct species, viewed in relation 
to their existing representatives of the different continents 
and islands, commonly suggested the idea that the races of 
animals had deteriorated in point of size. Thus, the pal- 
mated Megaceros is contrasted with the Fallow Deer, and 
the great Cave Bear with the actual Brown Bear of Europe. 
The huge Diprotodon and Nototherium affijrd a similar con- 
trast with the Kangaroos of Australia, and the towering 
Dinornis and Palapteryx with the small Apteryx of New 
Zealand. But the comparatively diminutive aboriginal 
animals of South America, Australia and New Zealand, 
which are the nearest allies of the gigantic extinct species, 
respectively characteristic of such tracts of dry land, are 
specifically distinct, and usually by characters so well marked 
as to require a sub-generic division, and such as no known 
or conceivable outward influences could have progressively 
transmuted. Moreover, as in England, for example, our 
Moles, Water- Voles, Weasels, Foxes and Badgers, are of 
the same species as those that co-existed with the Mammoth, 
Tichorrine Rhinoceros, Cave Hyaena, Bear, &c., so likewise 
the remains of small Sloths and Armadillos are found associ- 
ated with the Megatherium and Glyptodon in South America ; 
the fossil remains of ordinary Kangaroos and Wombats 
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occur together with those of gigantic herbivorous marsu- 
piads ; and there is similar evidence that the Apteryx existed 
with the Dinomis ; and the author offered the following sug- 
gestions as more applicable to, or explanatory of, the pheno- 
mena than the theory of transmutation and degradation. He 
observed that in proportion to the bulk of an animal is the 
diflBculty of the contest which, as a living being, it has to 
maintain against the surrounding influences which are ever 
tending to dissolve the vital bond, and subjugate the organ- 
ized matter to the ordinary chemical and physical forces. 
Any changes, therefore, in the external circumstances in 
which a species may have been created to exist, will militate 
against that existence, in probably a geometrical ratio to 
the bulk of such species. If a dry season be gradually pro- 
longed, the large mammal will suffer from the drought sooner 
than the small one ; if such alteration of climate affect the 
quantity of vegetable food, the bulky Herbivore will first feel 
the effects of the stinted nourishment ; if new enemies are 
introduced, the large and conspicuous quadruped or bird will 
fall a prey, whilst the smaller species might conceal them- 
selves and escape. Smaller quadrupeds are usually, also, 
more prolific than larger ones. The actual presence, there- 
fore, of ^mall species of animals in countries where the larger 
species of the same natural families formerly existed, is not 
to be ascribed to any gradual diminution of the size of such 
larger animals, but is the result of circumstances which may 
be illustrated by the fable of the " oak and the reed" — ^the 
small animals have bent and accommodated themselves to 
changes under which the larger species have succumbed. 



On the Slow Elevation and Subsidence of the Land in Switzer- 
land. By Prof. B. Studer. 

1. In the neighbourhood of the Alps, the molasse has a 
thickness of from 1000 to 1500 feet, which decreases in pro- 
portion to its distance therefrom. The marine organic re- 
mains present the same species throughout, although there 
are several intercalated beds of freshwater origin ; and from 
this, in connection with other facts, we regard the molasse 
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to have been deposited in water of a uniform and generally 
slight depth, in a locality where marine and freshwater con- 
ditions occasionally replaced each other. 

The molasse without doubt suffered a slow and continuous 
downward movement, so as to maintain the moderate depth 
above indicated, notwithstanding the continual filling up by 
new depositions. Hence we conclude that a fissure existed 
between the molasse and the secondary rocks of the Alps 
(which have not participated in the subsidence), without doubt 
in consequence of the previous elevation of the latter. 

2. The Aar near Berne, the Sarine near Freiburg, and other 
rivers, have serpentine courses, like rivers of low plains with 
little fall, although their deeply-cut channels, traversing an 
undulating country, have steep banks, thirty or forty metres 
high. The stair-like terraces of the river beds show that 
their erosive operations alternated with periods of rest. The 
material thus cut through generally consists of ** old alluvia/' 
i,e.y gravel and sand, with indistinct horizontal stratification ; 
but often in the lower portion of the channel, and to the 
height of ten metres, the perpendicular banks are composed 
of molasse. 

A stream, however, that has force and fall enough to ex- 
cavate so deep a channel, can no longer describe a serpen- 
tine; hence, these rivers must at first have flowed over 
ground having only a slight declivity, but which, after the 
serpentine course was formed, became more and more steep, 
thus giving rise to the deep cuttings above mentioned. These 
conditions may have simply happened thus : — ^the^upper part 
of these river courses has been gradually raised by the 
elevation of the continent; and this is proved: — 1. By the 
traces of a previous filling up of the alpine valleys, some 
hundred feet above the present surface of the rivers, and, 
2. by the preservation of the horizontality of the strata, — ^in 
contrast with the verticality and folding of the molasse beds 
previously caused by secondary alpine strata. 

The elevation of these alluvia can only have taken place 
subsequently to the distribution of the erratic boulders^ as the 
serpentine river-courses cut through gravel and loam,inclosing 
large alpine blocks, which, however, are never found on the 
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terraces of the river beds, except where they have fallen 
dov^n from the undermining of the banks. 

The saccession of the movements above indicated is as 
follows: — 

1. Elevation pf the Alpine district before the Molasse-period. 

2. Subsidence of the district bordering the Alps during 
the Molasse-period. 

3. Elevation of the Molasse and the upcast of its strata. 

4. Deposition of the old alluvia in the Alpine and Molasse 
valleys. 

5. Deposition of the Erratics. 

6. Continental elevation of the Alpine district. 

The Quarterly Journal of the Geological Society^ vol. vii. 
No. 27, p. 103, and Leonard and Br onn' 8 Jahrl.fur M».,1850, 
p. 221. 



Microscopic Examination of Soundings, made by the U. S. 
Coast Survey off the Atlantic Coast of the United States. 
By Professor J. W. Bailey. 

After special details with reference to the character of the 
material in each case of sounding. Professor Bailey gives the 
following very important statements as the general results 
of the examinations : — 

1st. The most remarkable fact determined by the examina- 
tion of the above-mentioned soundings is, that in all the deep 
soundings, from that of fifty-one fathoms S.E. of Montauk 
Point, to that of ninety fathoms S.E. of Gape Henlopen, there 
is a truly wonderful development of minute organic forms, 
consisting chiefly of Polythalamia, which occur in an abund- 
ance rivalling those vast accumulations of analogous forms 
constituting the marl under the city of Charleston, S.Carolina. 

2d. While there is a general resemblance between the 
species found in all the deep soundings above-mentioned, the 
same species of Polythalamia occurring with few exceptions 
at each locality, yet each place has its predominant species ; 
thus, in the most southerly soundings (H, No. 1, 90 fathoms), 
there occur a much greater number of Globigereina than in 
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any of the others ; while Textilaria atlantica, although pre- 
sent, is by no means so abundant as in " G, No. 8, 89 fathoms.'' 
Sd. Infusoria, as well as Polythalamia, occur in the deep 
soundings : but the Infusoria are few in number, and consist 
of Ooscinodisci, Gallionella sulcata, and other species, which 
probably swim freely in the ocean ; while none of the littoral 
parasitic species, such as Achnanthes, Isthmia, Biddulphia, 
Striatella, and Synedra, are found. 

4M. It is woi*thy of notice that in the deep soundings not 
a single specimen was found of Polythalamia belonging to the 
Plicatilia of Ehrenberg (Agathistiques of d'Orbigny), while 
a number of these fonns were found in the shallow soundings, 
and they are well known to occur in vast quantities around 
the shores of Florida and the West India Islands. This 
group of Polythalamia appears to haye been created after the 
deposition of the chalk formation, in which no trace of such 
forms occurs, while they are very abundant in the tertiary 
deposits. Their entire absence in the deep soundings, where 
vast numbers of other Polythalamia occur, and their presence 
in littoral deposits, would seem to indicate that for their 
abundant development, comparatively shallow seas are neces- 
sary ; thus affording additional evidencia of difference in the 
depths of the seas, from which the cretaceous and tertiary 
beds were deposited. 

5/A. The deep soundings were all from localities which are 
more or less under the influence of the Gulph stream, and it 
is not improbable that the high temperature of the waters 
along the oceanic current may be the cause of immense de- 
velopment of organic life, making its path, as is shown by 
the soundings, a perfect milky way of Polythalamia forms. 
The deposits under Charleston may have been produced under 
the similar influence of an ancient gulf stream. 

6M. From the presence of such great numbers of Poly- 
thalamia in the deep soundings, there results a very large 
proportion of calcareous matter, thus presenting a striking 
difference between them and the quartzose and felspathic 
sands nearer shore. 

. 7ih. The littoral sands obtained in shallow soundings at 
first view appear to afford little promise of affording any 
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Infusoria. But notwithBtanding their coarse, and, in some 
cases, even gravelly nature, they all yield by levigation a 
considerable number of silicious Infusoria, which in variety 
and abundance exceed those found in the deep soundings. 

8M. None of the soundings present anything resembling 
the vast accumulations of Infusoria which occur in the miocene 
infusorial marls of Virginia and Maryland : and, indeed, I 
have never found, even in estuaries, any recent deposit at all 
resembling the fossil ones, in abundance and variety of species, 
with the exception of the mud of a small creek opening into 
the Atlantic, near Rockaway, Long Island. 

9th. The occurrence of the pebble of limestone with enorinal 
plates in the gravel of F., No. 10, SE. of Little Egg Harbour, 
is of some interest, as the nearest beds from which it could 
have come are the Silurian formations of Pennsylvania, or 
northern New Jersey. It indicates a transportation of drift 
to a considerable distance sea -ward. 

\Qth. In addition to the quartzose grains in the soundings, 
fragments of felspar and hornblende (recognizable under the 
microscope by their cleavage planes and colour) are found. 
The quartz, however, predominates, its grains being sharp 
and angular in the deep soundings, and often rounded or even 
polished in the shallow ones. — American Journal of Science 
and Arts, vol. xii., 2d Series, No. 34, p. 132. 

Total Eclipse of the Sun, July 28, 1851. By J. W. GoOD, 
Esq., Elsinore. Communicated by the Author through 
Prof. Smyth, Astronomer Royal for Scotland. 

Being a resident of Elsinore, and consequently very near 
the southern boundary of the shadow, I determined on going 
within the same, and accordingly went over to Sweden the 
28th, at noon, directing my course east of the town of Hel- 
singburg ; and when arrived at about five English miles dis- 
tance from that town, I fixed upon the village of Kropp as a 
convenient spot to observe the edipse from, being an elevated 
position; and accordingly arranged my apparatus in the 
church-yard, from which spot the surrounding country, which 
was very flat, was visij^le to a great distance. 
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I refer to the accompanying tables and drawings for mi- 
nute particulars ; and shall therefore proceed to state, that 
ererything being prepared, I awaited the beginning of the 
eclipse with much interest and anxiety, lest the state of the 
sky should deprive me and the three friends who accompa- 
nied me of a sight which we had so long looked forward to. 

Weather and appearance of Sky. — ^The day was tolerably 
fine and warm, and the sun clear, but several cnmulous 
clouds were visible in the horizon, and at intervals several 
light ones were driven past us by a fresh breeze from the 
south-west. The horizon, at about half-past two, was pretty 
clear all round, but about fifteen or ten minutes before the 
eclipse was calculated to begin, a light haze was perceivable 
in the nortii-west. 

First contact, §fc. — The obscuration was observed by chro- 
nometer to begin at 2^ 58™ 35^ mean local solar time, and the 
north-west horizon looked then as it does in summer when a 
distant storm is approaching. When the sun was obscured 
about six digits, the horizon in that quarter became visibly 
darker, and losing its greyish tint, became more of a weak 
Indian-ink colour ; the arc at the same time having obtained 
a greater altitude. When the eclipse had attained to within 
about ten minutes' time of totality, the surrounding country 
wore a dreary and melancholy appearance from the decrease 
of light ; the horizon was of a dark and sombre hue, and 
when only a few minutes was wanting to the totality, the 
arc had reached the zenith nearly, and increased in darkness 
gradually towards the centre. From the very beginning of 
the eclipse, the wind had gradually died away, and during 
the totality a perfect calm reigned, which, however, as the 
shadow passed away, gave way to a gradually increasing 
breeze from the same quarter as before ; and the wind had 
regained the same direction and velocity at five o'clock, when 
the eclipse was over, as it had had at three o'clock ; but the 
sky was more overcast and heavy, the north-west horizon 
lighter, and the same appearance which had been visible in 
that quarter was now to be seen to the south-cast, in an 
exactly proportional decreasing series from four o'clock to 
a quarter past five, when it quite disappeared. 
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Approach of totality, — At about four o'clock, when the 
cusps were reduced to a narrow line of light extending about 
40° or 60° on the sun's eastern limb, I was observing the 
phenomenon through a darkened glass without the telescope, 
in order the better to ascertain the exact moment of totality, 
and therefore did not see the black lines or beads which 
Baily mentions as having been visible in 1836. I doubt, how- 
ever, that they appeared under this phase of the eclipse from 
the spot where I stood ; I think that annular and total 
eclipses present widely different phenomena in this respect. 
The concentric segments of rings which have been visible to 
several observers of this eclipse who were upon or very near 
tho southern line of the shadow, and which show themselves 
upon both ranges of totality, I did not either see, but do not aver 
that they did not show themselves, as my telescope was not 
upon them ; I can, however, affirm that I did not see them 
when the totality was upon the wane. When the sun's light 
broke forth again it appeared like a star, which gradually 
took the form of a thin line, and soon after the cusps were 
observable. 

Totality — Degree of obscurity. — When the last ray of light 
vanished, I read off by the chronometer 4** 3«» 8^ local mean 
time, and quickly noted it down in pencil, together with the 
degree where it disappeared. I could distinguish the minute 
hand by the light of the sky, but for the seconds it was neces- 
sary to have recourse to the lantern which had previously 
been lighted, and burned with a dark-yellow flame as at about 
three quarters of an hour after sunset at this season of the 
year, which may serve to give a tolerably correct idea of the de- 
gree of obscurity which prevailed. I did not waste time upon 
trying to read, but should say that the large text of the title- 
page of the Nautical Almanac would have been legible with- 
out difficulty ; one of my friends thought that smaller print 
might have been read, but I adhere to my own observations. 

Appearance of object. — ^After noting down the time, I cast 
a quick and furtive, but as far as possible, comprehensive 
glance upon the surrounding scenery, which was enveloped, 
as it were, in a mantle of darkness ; perfect calm and silence 
reigned everywhere, and nature appeared devoid of energy 



Digiti 



zed by Google 



364 J. W. Good, Esq., on the 

and life ; everything wore a mournful aspect, but the faces 
and appearance of my companions were not so changed as I 
had been led to expect, and the cadaverous hue which, judg- 
ing from descriptions by former observers I thought they 
would assume, was not apparent, although the face was pale 
and the uncertain light caused a somewhat altered a{)pear« 
ance. 

Objects in the distance were pretty distinctly visible, but, 
of course, wore an unaccustomed and indescribable aspect 
from the various and constantly changing hues which fell 
upon them ; objects in detail, as to colour and outline, ap- 
peared much the same as usual ; the eflFects of short shadows 
from them, and the play of colours upon walls, &c., I did not 
observe, but that moment was perhaps past ; the horizon firom 
the south to west was tolerably clear over the sea and Danish 
land, but to the north and east was very dark and brown 
with tints of orange, and here and there violet. 

Variegated tints and effects of Light. — The variegated 
tints seemed to be most predominant to the south and west, 
when the boundary line must be supposed to have been 
passing ; on the other hand, the darker hues prevailed to 
the north and east ; it appears that the tinted beads, which 
will be subsequently mentioned, were best seen by observers 
upon the southern boundary and its vicinity, for a few miles 
on each side ; this naturally leads to the idea that there is 
a connection between the two, and that the prismatic rays 
emanating from the beads fall upon that part of the earth 
from which the latter are best visible ; this hypothesis is 
strengthened by the fact that the same vibrating or rolling 
motion, which is observable in the beads, is also noticed in 
the tints which fall upon the clouds and landscape below. 

As my eye had been directed towards the sun until his last 
ray had vanished, I did not see the shadow sweep the earth, 
as it was already over and around us. 

The mountains to the north, called the KoU, distant about 
eighteen English miles, were about this moment pretty dis- 
tinctly visible, but would not have been so, perhaps, had I not 
known their exact position, besides, the horizon in that direc- 
tion was assuming an orange tint, and getting lighter from 
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the reflection of the atmosphere, beyond which the shadow 
was already leaving ; villages and houses much nearer to the 
eye were far less distinct, and in some places, patches of 
darkness prevented any certain outline from being distin- 
guishable. 

Corona. — ^When these hurried observations which took up 
about ten to twelve seconds had been made, I cast my eyes 
up towards the eclipse, and saw that the corona had started 
into existence, and was shining in all its glory. I immediately 
directed the telescope towards it without any darkening glass, 
and discovered Baily*s pearls or beads, which I judge to have 
been formed simultaneously with the corona ; which latter 
shone with a white light, rather inclining perhaps to a 
leaden colour, and was obviously both a little broader and 
brighter in the upper half than in the lower (as per drawing). 
I should judge its breadth to have been about two-thirds or 
three-fourths of the diameter of the moon, say 20' or 27', 
consequently its extreme diameter from 1° 15' to 1° 26'. It 
seemed pretty steady, but nevertheless it appeared to pro- 
ceed from the rim of the moon in diverging rays, neither in 
breadth nor colour did it undergo any considerable change, 
though I should think it had reached its highest point in 
both respects, about the middle of the totality ; neither blue, 
red, nor yellow tints were visible in it; rotatory motion was 
not perceptible ; the light gradually lost itself against the 
dark sky, and was strongest towards the edge of the moon ; 
it however seemed to me that the rim of the moon was sur- 
rounded by a narrow ring of a darker colour than her " lumi^re 
cendr^e," which ring gradually shaded off into the light of 
the corona, so that the latter did not emanate direct from the 
body of the moon ; this whole appearance of the ring may, 
however, have been an optical delusion, and its existence 
must be maintained with caution; it may have been the effect 
of light. From the way in which the corona appeared, I 
should say it would have been very difficult, if not impossible, 
to have ascertained, with any degree of certainty, whether it 
was concentric with the body of the sun or moon, even with 
the most perfect instruments.* 

* Upon re-reading what is stated about "the bmds, it appears to me that I 
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Limb of Beads. — Baily's beads (or rather the beads), ex- 
tended in a narrow line of altitude 60° to 70°, reaching from a 
little beyond the spot where the last solar ray disappeared, to 
where the light was again expected to appear ; they bore 
some resemblance to a necklace of pearls and precious stones, 
being rather thicker towards the middle and tapering towards 
both ends ; the standing colour was whitish and yellow, with 
blue tints here and there, and a trace of violet ; their inner 
diameter was all along of a rose-pearl tint. No very great 
change was observable in their size, but a rolling, vibrating, 
oscillatory motion was more or less perceptible ; this disap- 
peared rather suddenly, together with the corona, when the 
first ray of white sunlight appeared like a star on the lower 
western limb, which took place at 4^^ 4"* 25^ as read off by 
lamp-light from the chronometer; it may however be remarked 
that the light already burned with a sullen and whiter flame, 
and the returning sunlight almost rendered its service super- 
fluous in that short period of time. I then again looked up 
at the eclipse, but both corona and beads had vanished, and, 
as consequently nothing further of note was observable in 
that quarter, I directed my gaze upon the surrounding sky 
and landscape below. 

Effects of Be-appearance of Light. — ^Upon looking around, I 
saw that the shadow had leffc our site of observations, and 
was passing SE. The light appeared to increase very fast, 
but its effect upon the eye and mind was not so sudden and 
startling as I had been led to expect ; perhaps this may be 

have not explained this appearance exactly, and that they may be mistaken for 
Baily^a beads, which appear a few seconds before and after totality, and are 
evidently the lunar mountains breaking in upon the sun's rim ; these are said 
to have been seen by some observers in the shadow, though I did not notice 
them. What I allude to exists during the totality, and perhaps the denomina- 
tion of beads does not give an adequate idea of their appearance. To be more 
explicit, it was a line of light, broader in the middle, lined as it were with a 
bright rose-coloured tint, other tints appearing as described, and seemed to 
resolve itself into bright spots, independent of each other, each of which ap- 
peared the nucleus of a ray (and which led perhaps to the false or inappropriate 
denomination of beads), over which the red prominences stood distinct. This 
appearance, evidently the effect of the breaking or refraction of the solar rays 
as the moon's lower limb only just covers the disc, is very difficult to describe 
or draw, and requires to be seen. 
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accounted for by my haying had my eyes constantly fixed upon 
the shining corona, through the telescope, so that the retina 
had not had time to expand. Altogether, it appears to me, 
that the description of terrestrial appearances, and the ab- 
normities mentioned by former observers, must have been 
considerably exaggerated, or perhaps the undeniably won- 
derful and exciting phenomena of an eclipse acting upon a 
constitutionally nervous system, or one rendered so by the 
circumstances of the moment, have led to rather false con- 
clusions, and simple effects have, in the strictest sense of the 
word, appeared to them in a false light ; of course this re- 
mark does not apply to the observations of such scientific 
men as have enriched astronomy and science generally by 
the result of their labours in this respect. 

I now come to the description of what must be considered 
the most wonderful of all the phenomena witnessed on this 
occasion. 

Bose-coloured Prominences. — ^After I had been observing 
the corona and beads some seconds subsequent to the com- 
mencement of totality, I became aware of the presence of 
several red prominences mentioned by Schumacher and Petit 
as having been seen by them in 1812. I noticed two or three 
small ones amongst the beads, they were of a rose colour, 
bright and steady, not very elevated, and did not seem to 
alter either as to size or colour after once observed ; one 
rather larger was seen on the lower part of the moon's west 
limb, but the most remarkable of all was one very large 
rose-pearl coloured eminence, situate on about the spot 
where the first contact had taken place, or, more correctly 
speaking, between the 105° and 110° from the moon's upper 
point ; towards the west it appeared to be about yV*h or yV^h 
of the moon's diameter; in height, say from If to 2i', and 
perhaps i' broad at the base, the top was rather broader and 
hung downwards a little in this form : — » the edges were 
somewhat brighter, and it had something the appearance of 
a very thick and dense column of smoke, through which the 
red rays of light are passing ; it and the other red eminences 
struck the eye and mind with the impression that they were 
far on this side of the corona, and did not stand in connec- 
tion with it or the beads ; the large eminence seemed to 
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detach itself from the corona, the white light of which was 
not seen through it ; it and the other smaller red promi- 
nences were, I fancied, rather brighter about the time of the 
middle of totality, at 4** 3"* 46% L. M. T. ; by having men- 
tally noted the time of their duration, I should say they were 
visible 25^ or 30^, all vanished nearly at once, a little before 
the beads and corona, at the re-appearance of white light. 

Moon during the Totality. — ^Tbe moon was visible during 
the totality, and her rim well defined, shining with an ashy 
light, but I cannot say that any particular spot, either dark 
or light, was perceivable. I looked for the dark part on the 
upper half of the east semidiameter, but could not catch 
sight of it ; the " lumi^re cendr^e" was about as strong, not 
stronger, than it is about the third or fourth day after new 
moon when the sun is below the horizon ; a very light flimsy 
cloud was however passing before the moon just before the 
totality closed, and might perhaps prevent my getting a 
sight of the lunar spots, though fortunately it was not opaque 
enough to hinder my seeing clearly the corona, beads, and 
prominences. 

Holes in the Moon, — Neither the hole seen by Ulloa during 
the eclipse of 1778, nor those stated by Valz in Marseilles, 
and Stubendorff, as visible in 1842, were observable. 

Moon during Partiality, — The phenomenon related by Aragb 
and Bourard as seen in 1842, namely, the moon's circum- 
ference being visible outside the sun's disc during the partial 
eclipse — 1 did not either see, either during the increase or 
decrease. 

Stars, — ^No stars were observed by me, in fact I did not 
look for them, as my attention was directed exclusively during 
the totality to the corona and the attendant phenomena ; but 
the sky being very cloudy, I doubt if many were visible from 
the site of observation. 

Effects on Birds.- — ^A stork returned to its nest near the 
church, about ten minutes before the totality, and remained 
there with its mate quite quiet until about five minutes after 
the first ray reappeared, when it began to call out loudly, and 
flew away again. The cocks began to crow at the same time ; 
as the eclipse advanced the swallows flew very low, and no 
bird of any kind was visible, or heard for about ten minutes' 
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Dew, — A dew began to form ; and a newspaper that had 
been left in full sunlight on the grass was taken up at 4^ 5™, 
and found to be quite damp. 

These are the remarks and observations I actually made ; 
but the time of one minute and seventeen seconds being so very 
short, it is very possible that several minor phenomena may 
have escaped my notice ; but I only wish to state what I 
actually saw. I shall add a few lines below as to what was 
noticed by others, whose testimony I myself believe to be 
true. J. W. Good. 

Elsinobe, 30«A July 1851. 

Observations collected. 

At Helsinghurg^ in Sweden, the middle of the totality, 
which lasted twelve seconds, occurred at 4** 2™ 48^, Copen- 
hagen mean solar time. Sensitive plants were said to have 
closed their leaves. On birds and pigs the effect of the eclipse 
was very visible ; on cattle and horses less so. 

By inquiry, while the eclipse was yet in fresh remembrance, 
as to the heavenly bodies seen, and their positions, I deduce 
that Venus and Jupiter, Regulus, Capella, Vega (Lyre), 
Atair (Eagle), and Arcturus, were seen. 

At EUinore^ in Denmark, I can only gather that the two 
planets, Regulus, Capella, and, perhaps, Spica Virginis, 
were seen. The Acacia lophantha^ and Convolvulus tricolor, 
did not close ; but the Mimosa pudica partly closed during 
the highest point of the eclipse, and opened when sunlight 
got stronger. The eclipse in this town was not total, but 
only a very small part of the sun was visible when the 
eclipse was greatest ; from the aggregate of my inquiries I 
should say a very thin line of sunlight, perhaps from 5° to 8° 
of the moon's circumference long, only remained visible. I 
deduce from these data, and the visual observations of the 
inhabitants of both shores when the shadows passed, the 
result, that the southern boundary of the shadow rvhich came 
from the NW. has passed between the towns of Elsinore in 
Denmark, and Helsingburg in Sweden, at a distance of about 
one to one and a half English miles SW. of the latter, I 
have not heard of any one in these parts who has seen the 
planet Mercury during the darkness. J. W. GoOD. 
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On the Total Eclipse of the Sun, as observed at Ootehur^ in 
Sweden, 28/A Juli/ 1851. By JoHir Adib, Esq., F,R.S.E., 
M.R.S.S.A. Communicated by the Author. 

From the interesting accounts that have been brought 
under notice of the remarkable phenomena observed in the 
total eclipse of the sun in 1842, I felt a strong desire to wit- 
ness that of July last. In selecting a station for that purpose 
I took into consideration what would be the most accessible 
place, and one that would at the same time be near the 
centre line of greatest duration. The town of Goteburg ap- 
peared to present such facilities, in so far as the duration 
was only about five seconds less than that at the most fa- 
voured situations which laboured under the disadvantage of 
being placed at a greater distance, and in many cases not 
easy of access. The circumstances thus stated preponder- 
ating in favour of Goteburg, I left Hull per steamer on the 
19th, and reached the former place three days previous to 
the eclipse. The weather during the voyage, and after ar-- 
riving there, proved very changeable and rainy, with very 
little sunshine, so that almost up to the very hour of the 
eclipse the expectations formed by me, as to being able to 
make any favourable observations on the approaching total 
eclipse, were not very sanguine. 

The morning of 28th July was ushered in with a heavily 
clouded sky; I watched its changes from 4 A.M., and up 
to noon entertained very faint hopes of the sun being 
able to dispel the barrier which thus mantled the sky. 
Shortly after that^ hour, however, the clouds began to break, 
and before 1 P.M. the sun shone forth from a nearly cloud- 
less sky, so that among those intending to make obser- 
vations all was changed to life and expectation, and every 
preparation actively made for viewing the approaching phe- 
nomena. 

The telescope employed by me had an object-glass of lOf 
inches focaV length, and an aperture of 1-^% inches, the eye- 
piece gave the objects erect, or in their true position, and 
had a power of fifteen diameters ; the eye end of the tele- 
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scope was provided with three sun shades, and a free open- 
ing ; two were red, of different shades ; the third, light 
green, and all so arranged in an eccentric that by a slight 
tx)uch of the finger any one of these could in an instant be 
brought between the eye and the image formed by the tele- 
scope. 

The situation selected for making these observations was 
on the roof or top of the Hotel Goetha Kellare, having round it 
. an iron railing, of which I took advantage in order to give 
steadiness to my telescope. By placing myself on my back, 
and holding with one hand the object end of the telescope to 
the railing, and with the other the opposite end to the eye, I 
was thus enabled to obtain a position which afforded the most 
perfect stability to the instrument. And here it may be just 
noticed in passing, that, should I ever require at any future 
period to use a larger and more powerful telescope, I should 
prefer such an arrangement as that now described to any 
stand to be made use of in the open air. 

In the focus of the eye glass were placed two parallel fibres 
for estimating magnitudes and distances, the value of the 
interval between the fibres being found from observed tran- 
sets of the sun. 

My first observation, previous to the beginning of the 
eclipse, was directed to an examination of the sim's disk, on 
which was found, by means of the telescope, only one very 
small spot on the western limb, about 80 degrees of an arc 
from the sun's upper point, and about 2 minutes of an arc 
from the sun's edge. 

Not being provided with a chronometer, I had previously 
compared my watch with one, and assigned for the com- 
mencement of the eclipse, 2^ 53«* 30^ Goteburg mean time. 
No value, however, is to be attached to this observation, 
as I felt satisfied that the first contact took place some 
seconds before the time above noted. The moon passed over 
the sun's disc, each having a very sharp and well defined 
outline. A thin cirrous cloud formed over the place of the 
sun as the eclipse advanced, without however apparently de- 
tracting from the sharpness of the limbs. At 3^ 27™ there 
was a marked difference in the amount of light. At 3** 35«» 
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the moon appeared to have a narrow, sharp band, intensely 
black, round the whole portion of her disc, seen projected on 
the body of the sun, while within this black band a portion 
of the body of the moon appeared faintly illuminated, of a 
greyish-white colour. At 3^ 40™ I saw distinctly a portion 
of the moon's edge beyond the part projected on the surface 
of the sun, and I estimated this to extend to an angle of 
about eight degrees of an arc, measured round the moon's 
diameter from each point of the cusps. 

As the moon was advancing, and when three-fourths of the 
surfiice of the sun were hidden, the sharp points of the cusps 
appeared to be broken off at intervals, as if some high pro- 
minence, with a valley at its side, gave a broader and rounded 
appearance to the point of the cusp, while at other times 
strong beams of light shot forth from the point of the cusp, 
as if Some deep valley on the moon's edge allowed a strong 
beam of sunshine to pass through it. I watched these changes 
attentively, and was enabled to mark then* occurrence several 
times till within a small portion of a second of total eclipse, 
when the phenomena, termed Baily's beads, were seen most 
perfectly, and beautifully formed. The mountains and valleys 
on the moon's surface, believed to be the cause of these pheno- 
mena, appeared to be of nearly equal extent, and differed very 
markedly from those formed with the first emersion of the 
sun's rays at the conclusion of total eclipse ; for in this last 
case the mountains had a table-like form much longer and 
flatter on their tops than the intervening valleys, and re- 
mained visible for a longer period, nearly a second. They are 
generally represented in Figs. 1 and 2 ; Fig. 1 denoting the 
appearance before immersion. Fig. 2 as they appeared on 
emersion. With the last rays of sunshine, and at the 
moment of the disappearance of the beads, I turned away 
the light coloured shade from the eye end of the telescope, 
when instantly the corona was formed, and simultaneously 
the rose-coloured prominences burst into view. No words 
of mine can convey any just idea of the effect produced on 
the feelings at this moment of sudden and unlooked for 
change, spreading itself over the face of nature. It may be 
termed something awfully grand — beyond the power of de- 
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Bcription ; and the impression of it was such that its remem- 
brance will never be effaced from my mind. This I believe 
will be found to have been the feeling of every one who bad 
the good fortune to witness the sublime sight, under the fa- 
vourable circumstances here noticed. I expected, and looked 
for, some faintly coloured prominences, to be discovered only 
by the aid of the telescope, when to my surprise and astonish- 
ment they proved to be of a bright rose-coloured hue, possess- 
ing definite forms, and so bright that the largest could be 
seen by the unassisted eye, without the aid of the telescope. 

To these rose-coloured prominences, which formed, in my 
estimation, the most striking feature in the phenomena, my 
attention was most particularly directed ; in studying their 
forms, dimensions, and watching if any change could be ob- 
served in them during the progress of the eclipse. The most 
remarkable was that to the right, or western limb of thfe sun, 
at about 100 degrees from the sun's apex, as shown in Fig. 
8, which Fig. represents the general appearance at the be- 
ginning of total eclipse. When first seen it had the form of 
a half crescent moon, with a fine rich rose colour at the 
edges, and fading into a more yellow hue towards its centre. 
On first observing it I estimated its altitude to be equal to 
an arc of one minute and a half. A llttie below this, and 
opposite the point of the crescent, there appeared an irre- 
gular mass of light, of the same colours and shade, perfectly 
detached from the rose-coloured crescent, an^ also from the 
body of the sun ; it appeared to be suspended in space. At 
about 135 degrees, measuring from the sun's apex to the 
west, there was a large irregular mass of the same rose- 
coloured light, somewhat of the form of a parallelogram, and 
having a considerable lateral extent. On the eastern side, 
and about 95 degrees from the sun's apex, I observed another 
of these prominences of a pyramidal form, having the same 
colour and shading as those before described. When first { 
seen it6 altitude may be stated at two minutes of an arc. 

As the moon advanced the crescent increased in altitude, 
and before the return of the first rays of sunshine I calcu- 
lated its altitude to be three minutes of an arc ; the form of 
it was well developed, being that of a perfect crescent moon, 
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and one point appeared to be in contact with the sun, as re- 
presented in Fig. 4, which Fig. shows the appearance at the 
termination of totality. The mass of light below this also 
increased in altitude as the moon advanced, and that to the 
eastern side diminished to less than one-half the altitude it 
had when first observed, and these changes I think afford 
the most satisfactory evidence that the prominences belong 
to the sun and not to the moon. No change was observed 
in the form or position of the prominences, or in the position 
of the detached mass of light to that of the crescent, farther 
than that due to the motion of the moon ; nor did there ap- 
pear any instability or wavering in their colour or intensity. 
I estimated the intensity and colour of the prominences to be 
as following : — ^the centre parts to be very nearly equal to that 
of a clear moon, both in shade and intensity ; towards their 
edges it was brighter, and of a fine rose colour, particularly 
the crescent, to which my attention was mostly directed ; it 
was brightest, and of a rose colour at its point farthest from 
the sun, the colour fading into yellow in the centre, and par- 
taking of a light straw-yellow at the point nearest to the sun. 
The other prominences had the same colour and shading ; and 
observing these with the naked eye, I distinctly saw the 
crescent with its marked colour. The place of the others I 
could not point out, without having first become acquainted 
with their position, through the aid of the telescope. They 
became visible on the disappearance of the beads, and were 
blotted out at the moment of their reappearance. 

The corona or glory which surrounded the moon during the 
three and a half minutes that the totality lasted, was brightest 
nearest the place of the sun, gradually becoming fainter as 
the distance from the moon's edge increased, and extending 
all round to about one-third of the moon's diameter, where 
it was lost in space, or blended with the back ground of the 
sky ; its colour was of a soft silvery white, with brighter 
corruscations shooting through it all round, extending be- 
yond the general light of the corona, and having a kind of 
flickering appearance. 

Over a space of 30°, measuring from the sun's apex to- 
wards the east, these corruscations were the greatest and 
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brightest, extending from the moon's edge to a distance 
equal to two-thirds of the moon's diameter, and this space 
continued the brightest during the continuance of the total 
eclipse. The moon's surface had a faint greyish light over 
it, but whether this appearance was due to the luminous or 
reflecting surface of our satellite I cannot venture to give an 
opinion, as the thin cloud formed between it and the earth 
may have caused such an appearance. 

To surrounding nature I gave a very hasty glance, yet 
sufficient to impress on any oner's mind the grandeur of the 
scene around him. The moon appeared like a black patch 
suspended in the heavens, surrounded by the silvery light or 
glory. Mercury and Venus I saw shining about one minute 
after the eclipse had become total, the one aliove and the 
other below, and both near to the place of the obscured sun. 
For a moment I directed my attention to the zenith, to see 
if any of the larger fixed stars were visible, but over this por- 
tion of the sky clouds had formed, which prevented me, in 
this hasty glance, from discovering any. Jupiter, I under- 
stand, was seen on or near the meridian, but I did not turn 
my eyes in that direction. The landscape and surrounding 
objects had a very striking appearance, from the very parti- 
cular shade of light cast over them ; it is not easy to describe 
the colour of the light, as I scarcely know a colour in nature 
to which it can be compared. The appearance of it was of a 
bluish-black livid hue, and impressed one with the idea that 
something supernatural was about to happen. The amount 
of light during the continuance of total eclipse I should think 
equal to that of half-moon light ; the outline of distant hills 
could be distinctly traced, and also the streets and houses of 
the town of Goteburg, which lay between me and the sun's 
place. I could see the hour and minute hands of my watch, 
hung up at about one foot distant from me, but not the second 
hand or minutes on the dial. 

Edinbvboh, StA SepUmbtr 1851. 
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Meteorological and Astronomical Notices. By Professor G. 
PiAzzi Smyth. 

Observatory in Demerara. — ^A short paper has recently 
been printed here on the Meteorology of Demerara, with a 
view chiefly to explain the origin of the rainy seasons there, 
based on the observations which are also given, daring the 
years 1846-50, made by Mr George Sandeman, at the ob- 
servatory in George Town. 

It is reported that there is a probability of this observa- 
tory, established by the colonial public, being done away with 
before long ; a circumstance much to be regretted, as a station 
so near the equator, the great laboratory for the preparation 
and distribution of the atmosphere over the rest of the 
world, cannot but be of general importance to the science 
at large, as well as of particular interest to the community 
amongst whom it is placed. 

The Total Eclipse of July 28. — This phenomenon seems on 
the whole to have been very fully observed, the weather 
being clear and the definition good at a great number of the 
stations adopted.. The results obtained have only transpired 
as yet in a few instances, as the greater number of the 
English observers, who went to the neighbourhood of G5te- 
burg, followed the very good advice given to them by Mr 
Airy, viz., not to tell each other what they had seen. Those 
who know how prone an impression of what ought to 
have been seen amongst phenomena that may at best have 
been barely distinguishable, — is to assist the memory in be- 
lieving that those features were actually seen, will fully ap- 
preciate the soundness of the advice given by the Astronomer 
Royal. In the meanwhile, the separate and independent ac- 
counts have gone to the Astronomical Society of London, and 
will appear in a body in their monthly notice for November. 

Baily*s Beads. — The beads of light which occur at the be- 
ginning and end of the totality of the eclipse, appear to have 
been very markedly seen by most of the observers, but the 
reason of their occurrence, viz., the serrated edge of the moon, 
combined with the irradiation of the sun's light seen in the 
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hollows, and the fact of the increase of the irradiation with 
the intensity of the light, and the rapidly growing bright- 
ness of the sun's surface from the circumference toward 
the centre, has been so very satisfactorily explained by Pro- 
fessor Baden Powell, in his excellent paper in the Memoirs 
of the Royal Astronomical Society on Irradiation, that they 
can hardly be considered in future subjects for wonder, or 
even for observation, at a moment when there are so miuiy 
other phenomena of a more important and less understood 
nature appearing. 

They, the beads, have always hitherto, we believe, consti- 
tuted telescopic phenomena, but an instance was recently 
given us where they were seen by the naked eye ; the case 
was described as a curious appearance seen during the annular 
eclipse of 1836, by Mr J. Campbell, W.S., and a friend, and cir- 
cumstantially stated without any idea of what the cause might 
have been, and therefore in a very unexceptionable manner. 
While the moon was passing across the face of the sun, and 
had almost gained the second limb, a little black jet was seen 
to shoot out from the moon to the limb of the sun it was ap- 
proaching, and then again, after a very brief instant, the 
whole limb of the moon joined that of the sun, and the annular 
part of the eclipse had terminated. The little dark jet here 
mentioned, was evidently one of the mountains of the moon, 
reaching the sun's edge first, while the irradiation of light, 
bending round the flatter parts of the moon, made them seem 
further than they really were from the sun's limb ; but the 
intensity of the sun's light on its borders decreasing so very 
rapidly, and the consequent irradiation likewise, tended to 
increase the apparent quickness of the motion of the moon's 
edge, and caused the obliteration of the sun's light at last to 
be so very rapid. 

The red prominences, — These appear to have been well seen 
and observed too, and to have been decidedly proved to belong 
to the sun, and not to the moon. On the occasion of 1842, 
they took observers so much by surprise, that they were not 
prepared with any instrumental means to ascertain the na- 
ture of these strange appearances, and the several accounts 
varied alarmingly as to. the number, size, and position of 
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these appendages. On the present occasion, however, from 
more attention having been paid to the subject, the state- 
ments are much more uniform, and observers seem positive 
to having seen the red prominences occulted by the moon, 
v?hich they regard as the proof of their being solar pheno- 
mena, being, in fact, masses of rose-coloured light on the 
sun's surface, upwards of 20,000 miles high. 

It is to be hoped, when all the accounts come to be pub- 
lished, that something more will be given than merely an 
ocular impression that a true oocultation was effected ; for it 
is quite possible to imagine other causes than occultation, 
which should make the red flames appear to increase in 
length on one side, and decrease on the other side of the 
moon. Thus, if they should turn out after all to be spu- 
rious, that is, some sort of mirage produced by the action of 
the sun's light grazing on the surface of the moon ; and if 
the distance to which the red appearance shall extend, de- 
pends on the intensity of the light, or the distance of the 
moon's edge from the sun's limb behind it, then we shall evi- 
dently have a cause which will be altering during the to- 
tality of the eclipse, and will produce the same effects as the 
occultation, so far as the mere fact of increase on the one 
side, and decrease on the other is concerned ; but the quan- 
tity of that alteration in size, and its law of progression^ will 
be very different to such as is caused by the simple rate of 
movement by the moon, and therefore may be detected 
by a series of instrumental measures made during the pro- 
gress of the totality of the eclipse ; and in this, as many in- 
stances in the history of science, the choice between the 
right and the wrong, and widely different conclusions, may 
all depend on the nicety with which small quantities can be 
instrumentally measured. 

• Visibility of the red prominences under ordinary circum- 
stances, — ^While we ought carefully to distinguish between 
what is actually proved and what is merely indicated, and al- 
though it has been lately shown in the Edinburgh Observatory 
to be possible to produce, with peculiar optical experiments, 
red flames on the sun's limb, of precisely the rose-coloured 
tint so uniformly described by all the observers, and about 
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the size and often the shape of those observed during the 
eclipse ; yet, on weighing the whole of the evidence, there 
does seem a great preponderance in favour of the eclipse- 
flames being real appendages to the sun, and in that case 
must be masses of such vast size, as to play no unimportant 
part in the economy of the sun, and even the system itself. 
No true theory, therefore, of the sun can be attempted with- 
out including these monstrous flames, and if we are only to 
see them in the few and very far between intervals of total 
eclipses, thousands of years must elapse before we become 
much wiser ; it becomes, therefore, the duty of astronomers 
to devise some methods by which the flames (supposing them 
to be real) may be rendered visible by some artificial total 
eclipse, which may be put into practice at any time. Mr 
Nasmjrth has been calling attention to this subject, and has 
proposed a method of pretty effectually ^^ taking the sun in, 
and doing for him" and all his light, so as to examine the 
sky in comfort and comparative darkness immediately round 
about his limb. A telescope being arranged in a dark room, 
in camera-obscura fashion, is to throw the sun's image, not 
on to a white screen, but into a black box, the sides of which 
will absorb all the light, while a sheet of card-board (white, 
or blue, or green, to bring out the pink light), with a hole in 
the middle just large enough to allow the sun to pass through, 
being placed on the top, will receive the image of the sur- 
rounding part of the sky, into which the red flames from 
the sun are supposed to protrude. 

This method has been tried, at Mr Nasmyth's suggestion, 
in the Edinburgh Observatory, and found to be a very power- 
ful one, so far as the complete destruction of the sun's light 
in the dark box was concerned, though there was the large 
quantity of it transmitted by a six-inch object-glass ; for at 
the very time that the sun's image was passing into the black 
box, the room was fully darker than the general atmosphere 
during a total eclipse. Nothing, however, in the shape of the 
red flames was seen on any occasion, but could hardly have 
been expected, on account of the excessive brightness of the 
adjacent portion of sky, caused by the multitudinous reflec- 
tions of the sun's light in the atmosphere outside the Obser- 
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vatory, and therefore altogether irremediable by any con- 
trivances within. It is an evil only to be met by establishing 
the teleseope un iihe ti^of a very lofty ntonniain, aa an fWie 
of the inhabited parts of the Himalaya range 16,000 and 
18,000 feet above the level of the sea, where there would be 
but half the quantity of atmosphere to battle against, and 
that of a much purer and more transparent quality, and free 
from a cause which was very disturbing on some occasiona 
even within the Observatory, — ^this was atmospheric dust. 

Atmospheric Dust. — On the 11th of September, for instance, 
the sky being blue and cloudless, and the town almost smoke- 
less, yet there was an extensive haze, rendering objects even 
close by grey and indistinct, and producing that peculiar effect 
in the atmosphere of preventing stars of the first magnitude 
being seen in the day time in the apparently clear sky with a 
telescope which, on ordinary days, shows stars of the second 
and third magnitude, and on remarkable occasions even 
smaller ones. Here was a cause at once capable of extin- 
guishing the very faint light of the red prominences ; but 
there was another mode in which it acted inside the building. 

Though there was no wind, and though there had been no 
disturbance in the Observatory that day, yet the dome and 
the telescope were full of dust, only visible in the concen- 
trated sun- beam coming through the object-glass, but densely 
and uniformly mixed up with the air, and apparently quite 
at home in it, and showing no tendency to any intention 
of subsiding. Though the particles were excessively small, 
yet they were so very numerous and reflective, and they 
spread the light of the sun about to such an extent in its 
passage from the telescope to the black box, that the re- 
quisite degree of darkness could not be maintained in the 
room, besides producing a disturbing effect on the definition 
of the image thrown on the screen. It is probably when dust 
is mixed with the air, that the superiority of a Cassegrainian 
telescope over a Gregorian, or one where the rays are not 
brought to a focus before coming to the eye, is most apparent, 
or perhaps only apparent at any time, by reason of the air never 
being altogether free from some of these floating particles. 

And what are these particles, and what purpose do they 
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serve in the economy of nature, in a medium which the che- 
mists tell us they find consists of exactly the same propor- 
tion of oxygen and nitrogen all over the world, at all heights 
in the atmosphere, and all times and seasons i a convincing 
proof this of the rudeness of chemical analysis when it tells 
nothing whatever of the existence of millions of atoms which 
optical examination shows to be existing in every cubical 
foot of air. Whether the presence of these particles be 
for good or evil on organized beings, we may be quite certain 
that they are decidedly bad for astronomical observations of 
the more delicate description, and can be fortunately over- 
come to a very great extent by erecting observatories on high 
mountain stations ; for the result of long experience on the 
Trigonometrical Survey at the Cape of Good Hope, went to 
show that this atmospheric dust is chiefly confined to a height, 
according to the season of the year, of from 3000 to 6000 feet 
above the surface of the earth, often preserving a very dis- 
tinct upper surface to the stratum ; and all mountain tops 
rising to a sufficient height to appear above it, were seen with 
a clearness and distinctness that seemed almost irrespective 
of distance, more like that of the celestial spaces, where we 
may assume, for such observations, that there is no inter- 
vening medium, or that, if there be, it \s perfectly transparent. 
Obaervatiom of the Surface of the Sun, — More continued 
and regular observation of the changes on the surface of 
the sun than has generally been the case hitherto, is much to 
be desired, and should be prosecuted, together with the search 
after the external phenomena of the red flames. When 
large spots appear for a time, sudden attention is called 
to them, and for the instant a number of persons accumulate 
observations of them, but after a little while drop the 
subject altogether. But the existence of spots of some sort 
or other must be taken as the rule, rather than the ex- 
ception ; and the omission of a single day's observation of 
them may be the loss of an important link in the chain of 
evidence required for the formation of any theory concern- 
ing them. But to pursue the case with rational prospect of 
success, we must evidently take all the varied phenomena 
on the sun's surface into account at once — the red promi- 
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nences, the light spots, and the dark ones; while, in too 
many cases, persons have attempted to draw conclusions 
from the latter only ; probably because they were so much 
more easily observed than the others. Certainly the bright 
spots, as well, indeed, as the more characteristic features 
of the dark ones, require a telescope of large aperture for 
their clear visibility ; and then comes the difficulty, that no 
coloured glass can be got to stand the excessive heat any- 
where near the focus. To overcome this obstacle Mr Dawes 
has proposed to diminish the aperture of the field bar of the 
telescope, in proportion to the size of the object-glass ; the 
effect of which will be, that while the small part of the sun 
then imder view will be formed by all the illuminating power 
of the object-glass, the total quantity of heat coming through 
the eyepiece, will be diminished in proportion to the contrac- 
tion of the field bar. With very large telescopes, perhaps, 
the stoppage of the heat by the said field bar, and its accu- 
mulation inside the telescope, might be found to be objection- 
able, but it does not seem to produce any bad effects in object- 
glasses of 6 or 7 inches in diameter. 

Variations in the Brightness of Double Stars. — ^Amongst 
the multifarious species of variation of brightness amongst 
stars, Mr Nasmyth has procured some cases of alleged 
variation in the brightness of double stars occurring simul- 
taneously in both members. This circumstance he looks 
on as decidedly favourable to his view of the origin of solar 
and stellar light, viz., the physical action of the surface of 
those orbs on the material of light already existing in space. 
On the supposition of this material existing in different quan- 
tities in various parts of space, combined with the progressive 
motion of the star itself, he was able to explain the varia- 
tion in brightness, of a single star, and the discovery that 
two stars drifting together through space vary simultaneously, 
must be looked on as much increasing the probability of 
the explanation, though it is not the only one that can be 
rendered ; and the observations on which the proof of such 
variation is founded are by no means so certain or trustworthy 
as could be wished. 

Measurement of the Brightmss of the Stars, — This is still 
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aaoh m untried field in astronomy, that the first successful 
application of instrumental measure to it will be sure to 
yield a host of interesting physical facts. Mr Dawes has 
recently published a method which he has been putting into 
practice with his equatorial, depending on the contraction of 
the aperture of the telescope by applying diaphragms, with 
continually decreasing holes, until the star just vanishes ; the 
diameter of the hole is^then an inverse measure of the bright- 
ness of the star. 

The method is not new, though perhaps no one else has 
carried it to the extent to which Mr Dawes has done ; but 
though, with its instrumental certainty, it would be a great 
improvement on the present baseless methods which are still 
permitted to obtain, it can only be regarded as a means of 
deciding the rough classification of stars into a few ranks of 
magnitudes, and is not capable of rendering those minute 
variations of brightness, which may contain the elements 
of great physical laws still to be discovered, and for this 
amongst other reasons : 

Variations in magnitude of equal extent at the star must 
produce more visible effect to us in the brighter than the 
fainter stars. Thus, to take an extreme case of a star just 
visible, and the sun : if they were both to be doubled in 
brightness, the increase in the former would only be just 
equal to the smallest unit measurable, or to the probable 
error of observation ; while in the latter the augmentation 
would exceed millions of times the smallest appreciable unit 
of the scale, and the exact extent of the increase, whether 
exactly double, or differing therefrom by a minute fraction, 
might be measured to great accuracy. To this result of actual 
superiority in brightness must be added the similar effect of 
virtual superiority given by the object-glass of a telescope, 
increasing the light of the image of the star according to the 
aperture. 

To gain therefore evidence of minute changes in the light 
of the stellar orbs, we should employ telescopes of large 
aperture on large stars. But, according to Mr Dawes' plan, 
the larger the star the more he reduces the aperture ; in 
precise proportion as nature offers a larger and larger quan- 
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tity of rays for measurement, he takes a smaller and smaller 
part of them. With a star of the sixth magnitude the aper- 
ture is only 0*15 inch, or less than the pupil of the eye, and 
therefore at once throwing away all the power, were it em- 
ployed, of even a Rosse's gigantic reflector. With a star of 
the second magnitude the aperture is only about 0*01 inch ; 
for a first magnitude something much smaller than could pro- 
bably be bored by man, or accurately measured if it could be 
bored. With small stars of course the large telescope has, 
with this plan, its natural advantages. For a star of the 
fifteenth magnitude the aperture is 77 inches of an achromatic 
object-glass ; for the fourteenth, or the next size larger, it is 
38 inches. There is therefore a wide range of measurable 
scale in inches against a small increase of brightness of the 
star, and the faint light is much augmented and intensified by 
being collected from so large an area. But this is rapidly cut 
down as we turn to larger stars ; at the tenth magnitude the 
aperture to be used is only 2*4 inches, so that the largest 
instrument ever used for astronomical purposes would then 
be not a bit better than an ordinary deer-stalking telescope 
or a naval spyglass, and higher up it would not be so good. 

But though the defective principle of this method for na- 
tural objects has thus been pointed out, chiefly to show the 
direction in which future success may be gained, it is proper 
to say that Mr Dawes* plan appears to have been mainly 
contrived for the office work, as it were, of arranging telescopic 
stars into their classes of so called magnitude ; and for such 
purpose it appears well adapted, and capable of introducing 
much improvement and regularity where now there is con- 
fusion and uncertainty. 

Expected return of BrorsorCs Comet, — This small body was 
discovered by M. Brorson in 1846, and from the orbit, com- 
puted on the observations made then, showing the very short 
period of 1725 days, its return to perihelion is expected next 
month. An ephemeris to guide observers in their searches 
has been printed and distributed by the Superintendent of 
the Nautical Almanac ; but from the low south declination 
which he assigns the comet, it will not probably be seen in 
the northern hemisphere. 
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Beport on the Inveatigation of British Marine Zoology by 
means of the Dredge^ Part I. The Infra-littoral Distribu- 
tion of Marine Invertebrata on the Southern^ Westemy and 
Northern Coasts of Great Britain. By Professor EDWARD 
FOKBES.* * f 

This Report, the most important contribution to marine zoology 
hitherto published, we recommend to the particular attention of 
naturalists. Although the limited nature of a periodical prevents 
us publishing the whole report, we are convinced that every lover 
of zoology will be instructed and gratified by the following obser- 
vations with which the distinguished author concludes the account 
of his investigations, and those of his friends, particularly Mr 
MacAndrew : — 

Plants. — The greater part of these dredgings are beyond the 
region of the majority of Algse. Between and 10 fathoms nu- 
merous fuci were taken, olivaceous species prevailing in the lesser 
depths, red ones in the greater. Belesseria and Desmarestia are 
the genera of which species were met with at most considerable 
depths, i. e., at 15 and 18 fathoms (Hebrides). A straggling La- 
minaria was once taken as deep as 18 fathoms in the Zetlands. 
Beyond 15 fathoms, and between that depth and 20 fathoms, we 
have the region of Nullipara. Below 20 fathoms, unless it be an 
occasional straggling Nullipara, no decided Algae were met with. 

Traces of Vertebrata and Land Ammals, — ^Had we no other 
evidence of the inhabitants of the sea than that afforded by the con- 
tents of the dredge, we might be tempted to infer a great rarity — 
almost amounting to an absence, of vertebrate marine animals within 
our area. Possibly such an inference would be quite as unwar- 
rantable as the negative conclusions assumed from comparable ob- 
servations by many palaeontologists and geologists, who sometimes 
go so far as to infer an entire absence of terrestrial creatures during 
some of the more ancient geological epochs, because no traces of 
them can be found in sedimentary strata of marine origin, and an- 
nounce the laws which regulated the order of creation of animated 

* British animals and plants are distributed in depth in a series of zones or 
regions which belt our shores from high water mark down to the greatest 
depth explored. The uppermost of these is the tract between tide-marks ; this 
is the Littoral Zone. This zone is divided into four sub-zones or regions. To 
this zone succeeds the Lamdnarian Zone, which extends to a depth of fifteen 
fathoms. From fifteen to fifty or more fathoms we have the CoralUne Zone. 
Below fifty fathoms is the zone or region of deep tea corals. — Vide pages 335- 
337 of vol. 60 of Jameson's Philosophical Journal for details. 
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beings accordingly. During the 145 detailed observations which 
.form the basis of this Eeport, fishes were taken by the dredge not 
half a dozen times, and in three instances the fish taken was one of 
the rarest and most curious of British vertebrata, the Amphioxus 
lanceoUxtus, Although always carefully looked for and noted, the 
bones of fishes were never observed among the contents of the 
dredge above three times, and in two of those instances (at a depth 
of 40 and 50 fathoms mud in the western coast of Scotland) the 
remains consisted of otolites only, reminding us of similar relics in 
the crag of the east of England. Of terrestrial vertebrata I have 
never seen a trace ; and though no small number of the human race 
have diffused their bodies over our sea bed, no human bone has oc- 
curred to me in dredging. When very near shore, and in the immediate 
neighbourhood of a town, broken bottles and old shoes have strewn 
the sea bed, affording unquestionable evidence of the presence of 
man on the neighbouring shores. Doubtless, by dredging close to 
towns, in harbours, and in estuaries, like the Mersey, where there are 
great cities on the banks, numerous relics of such a description, as 
well as the bones of animals, might be taken, but immediate proxi- 
mity to towns is avoided by the dredger. 

On one occasion, recorded in the dredging papers from the An- 
glesey coast, the shell of a common snail (JSdix aspersa) was dredged 
at some distance from shore in the entrance of the Menai Straits. 
It was covered by Balani and SerpuUe^ and inhabited by a hermit 
crab. Naturalists familiar with the active movements of the Paguri 
can readily conceive to what a distance a land shell may be trans- 
ported under such circumstances, and at length become embedded 
along with the remains of creatures of very different origin and 
habits. 

Fossil Remains taken in the Dredge, — In no instance have 
we taken the remains of fossil vertebrata when dredging on the 
western shores of Britain, but many times have met with fossil 
testacea. These are of the pleistocene epoch, and often it requires 
a practised eye to distinguish between them and the dead shells 
of existing moUusca associated with them ; indeed there are some 
species as Astarte crehricostata^ Natica Grcenlandica^ Panop€Ba 
Norvegioay TeUina proadma, and Scaiaria Orcenlandica^ enume- 
rated in the preceding pages, which, whilst from various considera- 
tions we hold the weight of evidence to be in favour by their 
presence as living species in our seas, are yet under suspicion, and 
are not admitted by all British conchologists. In several localities 
among the Hebrides, especially in the Kyles of Bute, and in the sea 
between Baza and Applecross, quantities of pleistocene fossils may 
be dredged ; at the former place PanoptBa Norvegioa is common, 
as pointed out by Mr Smith, and in the latter there occur numerous 
fossil valves of Pecten islandicus and Dandcus, the large sulcated 
variety of Saxicava rugosa, Astarte elliptical Ledu truncata&ndRasy 
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ohUmga, and, very lately, Ledu thraciafarmis ; of these Pecten JDani- 
cus and Astarte dliptiea are living inhabitants of the Scottish seas, 
the latter in places still abundant, the former very rarely taken alive, 
though the dead shells occur in such vast quantities that we cannot 
but regard it as a species which has lived on since the glacial epoch, 
though gradually becoming reduced in numbers, and now very nearly 
extinct. These shells often occur ^t considerable depths, and almost 
always on a bottom of dark pleistocene sand. Pecten islatidictu is 
enumerated in Hebridean and Zetland dredging papers, from depths 
of 30, 40, 50, and 90 fathoms. That this remarkable species is 
extinct in our seas we can scarcely doubt ; but I have good reasons 
for surmising that its extinction has taken place at a period cmi- 
siderably later than that of several of its glacial companions. The 
colours of this Pecteny as well as of some other pleistocene fossils, are 
beautifully preserved, and the general aspect of the shells is very 
deceptive. 

Occasionally, fossils of older date, but in such a condition of petri- 
faction as can lead to no mistake respecting their origin, are brought 
up in the dredge. Thus Mr MacAndrew has dredged the loose 
joints of Liassic pentacrinites, off the Shiant Islands ; and we have 
seen Oolitic testacea dredged in the sound between Scalpa and 
Baza. 

General Considerations, 

Numerical IXstribution of Species in depth, — Of the species of 
Testacea MoUusca enumerated in the preceding tables, I have 
assigned a range to 188 in the Scottish, and 183 in the English 
sections. Of the 188 Scottish sublittoral species, whose range in 
depth I venture to state, ninety*six are Gasteropodous testacea, and 
ninety-two Acephala. Of these seventeen univalves and eleven 
bivalves inhabit the region between low water mark and 15 fathoms, 
t.e., the Laminarian zone ; eight univalves and seven bivalves extend 
their range from within the Laminarian zone to a depth between 15 
and 30 fathoms ; twenty-six univalves and eleven bivalves from the 
Laminarian zone to between 30 and 60 fathoms ; and twenty-five 
univalves and fifty-three bivalves from the Laminarian zone to a 
depth between 60 and 100 fathoms ; three univalves and four bivalves 
are confined in their range between 15 and 30 fathoms, f.e., to the 
Coralline zone ; one univalve to between 30 and 60 fathoms ; four 
univalves and one bivalve to between 30 and 100 fathpms ; and one 
univalve and one bivalve to between 60 and 100 fathoms.' 

Of the 183 in the English tables, nineteen univalves and as 
many bivalves are from the Laminarian zone only ; forty-five uni- 
valves and forty-six bivalves range from some point within the 
Laminarian zone to between 20 and 30 fathoms ; sixteen univalves 
and twenty-eight bivalves extend their range from the same region to 
between 30 and 60 fathoms. 
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It is evident that the capacity of bivalves to enjoy a great bathy- 
metrical range exceeds considerably that of univalves. This power 
of enduring many conditions of depth implies the power of adapting 
themselves to varjFing circumstances, which cannot be supposed to 
exist without considerable variation in the features of the individuals 
of such wide-ranging species. The rules which should guide us in 
determining the selection of diagnostic characters from the shells <^ 
Acephalous moUusks, must consequently be less strict than those 
which should determine our selection of chatacters for the majority 
of Gasteropoda ; and in the determination of fossil species this should 
constantly be borne ia^ mmd. The difference of power to range pre- 
sented by unimlves as compared with bivalves, has a further im- 
portant bearing on pal«eontological inquiries, for it would indicate 
the probability of our not unfrequently finding geological formations 
connected together by the fossils of one class of mollusca, whilst those 
of the other are altogether distinct, even in strata proximate in time. 
It is possible, also, that by a careful detennination of the relative 
proportions of bivalves to univalves in ancient sea beds, all mineral 
indications of the nature of the sea-bed being at the same time noted, 
we may get an additional clue to the determination of the depth of 
the ancient sea in which such animals lived. 

The distribution of the sub-littoral forms of Testaeea, is illustrated 
by the following examples :-— 

Certain species are common to the Laminarian, CoraUine^ and 
Deep-sea Coral aones, — as Pinna ingens, Buccinum undatum, &o. 

Certain species are common to Laminarian and Coralline zones^ 
and indifferently inhabit both, — ^as, Gyprsea europea, Ostrea edulis, 
Pecten varius, &c. 

Certain species commence their range in the CorcdUne js^on^,-— as, 
Bissoa abyssicola, Fusus islandicus, &c. 

How far the nature of the sea-bottom determines the number and 
diffusion of species.* 

Now, though our evidence certainly goes to show that the range 
of species in depth and distance from shore is often considerably 
extended by a continuity, whether vertical or horizontal, of the same 
kind of ground ; yet assuredly ground alone will not determine 
the extension of any species ; for otherwise we should have the stone 
and gravel inhabiting species of the Littoral zone carried in many 
places into the Laminarian and Coralline zones, and the peculiar 
inhabitants of the muddy and sandy tracts in the Laminarian zone 
carried far into the depths of the sea, since in very many places 
these kinds of sea-bed range without interruption from shallows to 

* In the Tables in the Report, the nature of the sea-bed is expressed by 
letters representing the several mineral characters of the bottom^ whether sand, 
sandy mud, mud, rock, stones, gravel, muddy gravel, shelly, shell sand, or 
nullipore ; the last kind of bottom being that commonly called '* coral," in the 
charts of the European seas. 
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great depths. But this is not the case ; no oontiniiitj of mud^ for 
instance, enaUes Serobicularia to live beyond its bounds, or the 
eharacteristic Bissoes of the graTelly parts of the Laminarian 2one to 
extend themselves into the deep sea. 

The oonditions of the sea-bottom, which are most favourable to 
variety of species, may best be illustrated by referring to those 
dredging papers in which the number of species of either univalve 
or bivalve testacea taken alive exceeded ten. In the southernmost 
of the districts within the area under eonsideiaition, out of eighteen 
papers, ten come under the category. Three of these belong to the 
-Laminarian zone ; five to the CoraUine region, and two to the upper 
region of deep sea-oorab. The three first mentioned are all from a 
muddy and stony, or gravelly bc^tom with weed, and within two 
miles of the shore : their number of univalves exoeeds that of bivalves ; 
in all three, the number of living univalves is very high, being fifteen 
and above ; and in two of them, the numbers of living bivalves are 
respectively ten and nineteen, and of dead, nine and twelve. Of the 
hy9 papers from the C!oralline zone, four are within three miles 
from the shore ; three of these are from bottoms more or less stony 
and gravelly, in one instance mingled with nuUipore ; and one is 
from a floor of shell-sand. They are also very prolific ; one in dead 
and living univalves, one in dead and living bivalves, and two equally 
so in bivalves and univalves. The fifth of these Coralline papers is 
from a depth of 30 fathoms and under, and a bottom of sand and 
gravel, at a distance of 11 miles from shore; it eahSnts a great pre- 
ponderance of bivalves, and an equal number of species taken dead 
and alive. The two deep-sea pikers are fi'oin a depth of 50 
fathoms, on a sandy bottom, 60 miles from land ; they scarcely come 
under the head of prolific papers, since few living species were taken, 
though many dead, the number oi dead univalves predominating in 
the one instance, and of dead bivalves in the other, respectively 
seventeen and twenty, both high numbers. 

Twenty-six papers from the Irish sea relate to a sufficiently 
limited range in depth, to admit of a cdmilar inquiry* Of these^ 
eight included more than ten species of univalves and bivalves, or 
both. Two are from the Laminarian zone, and within two miles 
from shore ; in the one instance, where the bottom was gnwelly 
and stony, univalves prevail, and those alive ; in the other, wkeve 
it was sandy, bivalves prevail, and those mostly dead. The remain- 
ing five papers are from the Coralline zone ; in three oi them, where 
the bottom was a aeallop bank several miles firom shore, tiie number 
of both bivalves and univalves taken alive, was very inconsiderable, 
reaching, in one instance, respectively to twenty-one and twenty- 
seven. In one, from a nuUipore bottom, one mile from shore, uni- 
Talves prevail, but bivalves are also abundant. In one, on a gravelly 
and stony bottom near shore, bivalves prevail (the numbers being 
twenty-four living and twenty-five dead), but univalves are also 
plentiful. 
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Among sixty-four dredging papers from the Clyde district and the 
Hehndesy twenty«-two exhibit nnmbera either of bivalves or uniyalyes 
above ten ; of these three oome within the Laminarian division, and 
one from depths very close to shore ; in two of these the number of 
species of living univalves prevails ; in one, of the bivalves. From 
the upper part of the Coralline sone, there are eleven papers, in six 
of which the bivalves prevail, all from muddy or sandy bottoms^ 
sometimes mixed with stones, close to shore ; in two, unividves pre^ 
vail over bivalves, in gravelly and stony bottoms near shore ; and 
in two, the numbers are nearly equal on stony and mixed bottoms 
near to shore. From depths between 40 and 60 fathoms, there 
are six prolific papers, all richer in bivalves than in univalves, and 
all from sandy, gravelly, or muddy beds, varying from two to ten 
miles from shore. A bottom of gravel and sand in 90 fathoms 
dose to shore, is richest in bivalves. 

Of thirty papers from the Zetlands, sixteen are rich in species ; 
one only is from the Laminarian zone, on a sandy botix>m, espeoir 
ally rich in living bivalves (thirty), and having many (fifteen) uni- 
valves also. Of two from the upper part of the Coralline zone close 
to shore, one, with a nullipore and stony bottom, is richest in uni*- 
valves ; the other, from a shelly bed, in bivalves. Of the thirteen 
remaining papers from depths between 40 and 100 fathoms, eight 
preset considerable numbers of both univalves and bivalves, and in 
five (all from depths below 60 fathoms) bivalves prevail. The 
numbers of species of bivalves are high in the depths at a considerr 
able (30 to 100 miles) distance from shore. The bivalves are also 
predominant at these great depths on more or Less muddy bottoms, 
and at the further distances ; the univalves most numerous alive 
where the bottom is more or less stony. 

{To he continued in our next Number?) 



On Fossil Bain-marks of the Becent Triassic and Carboni- 
ferous Periods. By Sir Charles Lyell, F.R.S., F.G.S. 

Mr John Cunningham, F.G.9., in the year 1839, read a paper 
before the Geological Society on Impressions and Casts of Drops of 
Bain discovered in the Quarries of Lower New Bed Sandstone at 
StGireton Hill, Cheshire.* After be had inferred their pluvial origin, 
he pointed out the indentations on the spot to Dr Buckland, who 
recognized the correctness of his interpretation, t 

When, in 1841, I visited the quarries of new red sandstone at 

* Proceedings Geol. Soc, vol. iii., p. 99. 

t Mr Cunningham^ the author of the notion about Rain-prints, will observe 
from the above notice that Sir Charles Lyell now does him justice. — Ed. Ph4l 
Jown. 
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Newark, in New Jersey, in company with Mr W. C. Redfield of New 
York) we obsenred some yery distinct rain-prints on ripple-marked 
shales. Afterwards, in 1842» I saw similar impressions of recent 
date, which had been made between high and low water mark, on 
the red sand and mud bordering the Basin of Mines, in the Bay of 
Fundy. Since that period I have been enabled to form a collection 
of specimens of this mud, hardened in the sun, through the kindness of 
Dr Webster of Kentville, to which I shall presently allude. In 
1843, Mr Bedfield, in a letter to the author which was read to this 
Society, stated that he had found impressions of rain-drops in another 
locality of the new red sandstone called Pompton, in New Jersey, 
twenty-five miles from New York ;* and in the same year he pub- 
lished in Silliman's Journal an account of the sandstone strata of 
that place, and of the Ichthyolites contained in them.f In these 
beds, many of which are frequently ripple-marked; and which ex- 
hibit the footprints of birds, shrinkage cracks are seen, together 
with fossil impressions and casts of rain-drops and of hail. | 

Early in the present year I received from Mr Richard Brown 
some fine specimens of rain marks from the greenish shales of the 
coal measures of Gape Breton, Nova Scotia, to which he has made a 
passing allusion in Us excellent description of the Sydney coal-field, 
in our Quarterly Journal. A comparison of all these specimens has 
convinced me that the impressions of triassic and carboniferous date 
above mentioned, have been correctly referred to the action of rain, 
and that they are distinguishable from such cavities as are sometimes 
made by the rising of air-bubbles through mud or sand, with which 
Mr Desor, in a memoir recently published, has declared many, if not 
all, the supposed fossil rain marks to have been confounded. — 
Quart. Joum. Geol &(?., vol. vii., No. 27, p. 238. 



SCIENTIFIC INTELLIGENOB. 

GEOLOGY. 

1. On the Elevation of the Coast of Sweden, By M, NUsson. 
— ^In a work on the existence of man in Scandinavia previously to 
the historic age (Forhandl. Skanden^ Naturf. 4. mode i Christiania, 
1844, Chr. 1847, p. 93-109), the author furnishes some interesting 
data relative to the elevation of the land in that region. A rock 
named Gudmandz Schare, in the harbour of Fyellbacka (lat. 58^ 
35') has offered opportunities of careful examination ; and hence it 
has been established that in 1532 the rock was two feet below the 
surface, in 1742 two feet, and in 1844 four feet above water. Thus 



* Proceedings Geol. Soc., vol. iv., p. 23. 

t Amer. Joum. of Science, vol. xliv., p. 136. 

t £dinb. New Phil. Journal, in 1850, p. 246. 
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it has risen six feet in 300 years, or at the regular rate pf one foot 
in fifty years. — Leonardos Jahrhuchfor 1850. 

2. Rocks a/re not formed hy Infusoria. — It is evident that infuso- 
rial animalculsB can make theu* appearance, develope, and multiply, 
only in those places where they find an abundance of the necessary 
nourishment in a form adapted to assimilation. Several species, 
and these very widely diffused InfusiHria, are distinguished fVom other 
species by possessing certain inorganic constituents, namely, silica, 
which forms the shells, or cuirasses, as they may be termed, of 
NcmcuIiB, Eadlaria, Badllariay &c., and peroxide of iron, which is 
a constituent of many GaUiondUB, The carbonate of lime of the 
chalk animalculsB is precisely similar to the shells of the common 
molluscous animals. 

Many persons have pleased themselves with ascribing the enor- 
mous depositions of i^ilica, of lime, and of peroxide of iron in the 
silicious fossil strata, in tripoli, in chalk, and in bog-ores, to the 
vital process of primeval Infusoria; as if the formation of these 
enormous geological strata could be effected solely by the vital prin- 
ciple ! But they have altogether overlooked the circumstance that 
chalk, silica, and peroxide of iron, must first be present, as the ne- 
cessary conditions of the life of these creatures, before they could be 
developed ; and that those constituents at the present moment are 
never absent from the sea, the lakes, the marshes, where the same 
forms of animalcule occur in a living state. 

The water in which these primeval Infusoria lived contained the 
silica and the chalk in solution, and in a condition perfectly suitable 
for their deposition in the form of marble, quartz, and other similar 
mineral masses; and this deposition would have taken place in- 
evitably in the ordinary manner, if the water had not contained the 
putrifying and decaying remains of preceding races of animals, and 
in them the other conditions of the life of silicious and calcareous 
Infusoria. 

Without a combination of these circumstances — ^the , presence of 
these substances constituting the conditions of their existence — 
none of these species of aniraalculse would have propagated and in- 
creased to form these enormous masses. These infusorial animal- 
culsB can only be considered accidental media of the form which the 
minute particles of these depositions exhibit ; — accidental, inasmuch 
as even without these creatures, depositions of the silica, the lime, 
the peroxide of iron, would have taken place. Sea-water contains 
the lime of the coral animals, of the innumerable moUusks existing 
in this medium, in the same form and condition as it is contained in 
lakes, and in marshes, in which the chalk animalculse develope 
themselves, or those raollusks, the shells of which constitute the 
muschelkalk formations. — Vide Dr Ghregory^s excellent edition of 
Liehig*8 celebrated Letters on Chemistry, 3d edition, p. 243. 

3. On the Black Earth {Tchornoi Zem) of Central Russia, By 
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Professor Ehrenherg. — ^The Tchomoi Zem, or Black Earth of cen- 
tral Russia, covering more than 60,000 geographical square miles, 
and of extreme fertility, supporting more than 20,000,000 of souls, 
and giving rise to an annual exportation of about 20,000,000 hecto- 
litres (55,000,000 bushels) of cereals, was described by Sir B. I. 
Murchison in 1842,* and was considered by him to be a submarine 
deposit, accumulated in quiet water, and possibly of nearly the same 
age as the Loess of the Rhine. M. Ehrenberg, on examining the 
Black Earth under the microscope, found in it six forms of Poly- 
gastrica, and twenty-two of Fhytolitharia ; and concludes that it is 
not an aqueous deposit, but rather a soil formed of the debris of 
ancient forests — an origin hypothetically givenf to this peculiar for- 
mation by earlier observers. — Quarterly Journal of the Geological 
Society y vol. vii.. No. 27, p. 112. 

4. Outlines of Continents not Fixed, — ^The outlines of continents 
are not to be considered as fixed, immovable limits, but are variable, 
and dependent upon the degree of elevation above the level of the 
sea. For instance, were we to depress certain parts of South 
America, or of the United States, even for a few feet, their outlines 
would be entirely changed, and immense tracts- submerged, and vice 
versa, a slight elevation would produce corresponding changes. 

The west of Asia, comprising Palestine and the country about 
Ararat and the Caspian Sea, &c., is below the level of the ocean, 
and a rent in the mountain chains by which it is surrounded would 
transform it into a vast gulf. 

Continents are in fact only a patch work formed by the emer- 
gence and subsidence of land. These processes are still going on 
in various parts of the globe. Where the shores of the continent 
are abrupt and high, the effect produced may be slight ; as in Norway 
and Sweden, where a gradual elevation is now going on without 
much alteration of their outlines. But if the continent of North 
America were to be depressed a thousand feet, nothing would remain 
of it except a few islands ; and any elevation would add vast tracts 
to its shores. — Agassiz on Lake SuperioTy p. 96, 

ZOOLOGY. 

5. Gypsies of Great Britain, — ^Now look at the gypsies of Great 
Britain. They are wanderers without fixed habitations ; whilst, at 
the same time, they are more abundant in some parts of the island 
than others. They have no very definite occupation ; yet they are 
oftener tinkers and tinman than aught else equally legal. They in- 
termarry with the English but little. All this is caste, although we 
may not exactly call it so. Then, again, they have a peculiar lan- 
guage, although it is so imperfectly known to the majority of the 

* Proc. Geol. Soc., vol. iii., pp. 712, etseq. ,• and Geol. Russia, vol. i., p. 667. 
t hoc. cit., p. 714. 
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British gypsies, as to have become well-nigh extinct.* These gyp- 
sies are of Indian origin, and a wandering tribe of Hindustan, called 
Sikligurs, reminded Mr Pickering of the European gipsies more than 
any other Indians he fell in with. Like these, the Sikligurs are 
eoves^ or tinkers. 

This, however, is by the way. Although it is as well to make a 
note of the Indian extraction of the English and other Encopean 
gypsies, it is not for this reason that they have been mentioned. 
They find a place here for the sake of illustrating what is meant by 
the wandering tribes of Jndia^ whilst at the same time they throw a 
slight illustration over the nature of castes* Lastly, they are essen- 
tially parts of an ethnological investigation — ethnological rather than 
either social or political. Their characteristics are referable to a 
difference of descent ; and they are tinkers, wanderers, poachers, 
and smu^lers, not so much because they are either gypsies or In- 
dians, as because they are of a different stock from the Exiglish. 
They are foreigners in the fullest sense of the term ; and they differ 
from their fellow-citizens just as the Jew does, though less advan- 



Now India swarms with the analogues of the English gypsy ; «o 
much so as to make it likely that the latter is found as far £rom his 
original country as Wales and Norway, simply because he is a vaga- 
bond, not because he is an Indian. — Ethnology -of the British De^ 
pendeneies. By Dr L<xtham, p. 195. 

6. Recent Impressions of the Feet of Birds. — ^Mr J. L. Hayes 
stated, that Dr Webster, of Nova Scotia, had lately procured some 
specimens of recent bird-tracks in the sand of the Bay of Fundy, 
which were precisely like the fossil bird-tracks of the sandstone of 
the Connecticut valley. The enormous tides of this Bay wear away 
the sandstone, and deposit it on the neighbouring beaches to the 
depth of from half an inch to an inch at each side. Dr Webster 
carefully removed some of this sand, bearing the footprints of 
marsh birds, and baked it so as to preserve the impressions perfectly. 
It was even found that, in splitting these slabs into layers, the im- 
pressions of the track could be traced through three or four of them, 
as in the fossil specimens. The same success attended his experi- 
ments on the impressions of recent rain-drops. Dr Gould men- 
tioned that he had seen similar specimens from Nova Scotia baked 
by the heat of the summer sun during the recess of the tide; and 
Lyell also obtained specimens, whi(£ were so satisfactory as to 
convince English geologists that the fossil bird-tracks were really 
what they had been considered by American geologists. — Proo, 
Boston Society of Natural History, Feb, — American Annual of 
Scientific Discovery for 1861, p. 314. 

* From this language I imagine that the three following words have come 
into the English— two of them heing slang, and one a sporting term — rum, cove, 
'jockey. 
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List of Patents granted for Scotland from 22d June to 
22d September 1851. 

1. To John Swindells, of Manchester, in the county of Lancaster, 
manufacturing chemist, ''certain improvements in obtaining products 
from ores and other matters containing metals, and in the preparation 
and application of such products for the purposes of bleaching, printing, 
dyeing, and colour-making." — 25th June 1851. 

2. To John Emmanubl Lightfoot, of Broad Oak, Accrington, in the 
county of Lancaster, calico-printer, and James Higoin, of Cobourg Ter- 
race, Stretford Road, Manchester, in the same counly, chemist, " im- 
provements in treating and preparing certain colouring matters to be 
used in dyeing and printing." — ^26th June 1851, 

3. To Robert Hates Easuh, of Commercial Road, Stepney, in the 
county of Middlesex, rope-maker, '' improvements in the manufacture of 
rope."— 1st July 1851. 

4. To George Frederick Mumtz, junior, of Birmingham, in the 
county of Warwick, gentleman, " improvements in furnaces applicable 
to the melting of metals for making brass, yellow metal, and other com- 
pound metals." — ^2d July 1851. 

5. To Thomas Allan, of the city of Edinburgh, gentleman, '^ certain 
improvements in Electric Telegraphs, and in apparatus connected there- 
with."— 2d July 1851. 

6. To Thomas Hawkins, of Inverness Terrace, Bishop's Road, Bays- 
water, in the county of Middlesex, oilman, ''certain improvements in 
brushes."— 16th July 1851. 

7. To John Brazil, of Manchester, in the county of Lancaster, 
gentleman, " certain improvements in dyeing, and in the preparation of 
dye woods."— 2l8t July 1851. 

8. To Perceval Moses Parsons, of Robert Street, Adelphi, in the 
county of Middlesex, civil engineer, " improvements in cranes, capable 
of beiBg 4uied on railways and on' parts of railways." — ^21st July 1851. 

9. To John Platt, of Oldham, in the county of Lancaster, engineer; 
and Richard Burch, of Hey wood, in the same county, manager, " certain 
improvements in looms for weaving." — 21st July 1851. 

10. To William Johnston, of the Offices for Patents, 47 Lincoln's- 
Inn-Fields, in the county of Middlesex, and 166 Buchanan Street, 
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Glasgow, North Britain, civil engineer, ** improvemenis in machinery, 
or apparatus for the manufacture of envelopes." — 23d July 1851. 

11. To Daniel Towisbs Shears, of Bankside, South wark, copper 
meichant, '' improvements in the manufacture and refining of sugar." — 
25th July 1851. 

1 2. To John Davie Mobries Stirling, of Blackgrange, North Britain, 
Esq., '' improvements in the manufacture of metallic sheets, and in 
coating metals and alloys of metals in metallic compounds and in weld- 
ing."— 31st July 1851. 

13. To Alexander Alliot, of Lenton, in the county of Nottingham, 
engineer, " improvements in cleaning, dyeing, and drying machines, and 
in machinery to be used in sugar, soap, metal, and colour manufacturing." 
—.31st July 1851. 

14. To James Whitelaw, of Johnstone, in th6 county of Renfrew, 
North Britain, engineer, ^ certain improvements in steam-engines."—- 
1st August 1851. 

15. To BoBERT OxLAND and John Oxland, both of Plymouth, che- 
mists, '^ improvements in the manu&cture and refining of sugar." — 6th 
August 1851. 

16. To Charles Cowfer, of 20 Southampton Buildings, Chancery 
Lane, in the county of Middlesex, patent agent, '' certain improvements 
in piling, faggotting, and forging iron and steel for plates, bars, shafts, 
axles, tyres, cannons, anchors, and other similar purposes." — 6th August 
1851. 

17. To Peter Robert Drummond, of Perth, " improvements in 
chums."— 6th August 1861. 

18. To James Buchanan Mirrlees, of Glasgow, in the county of 
Lanark, North Britain, engineer, " certain improvements in machinery, 
apparatus, or means for the manufacture or production of sugar." — 8th 
August 1851. 

19. To Joseph Mansell, of Red Lion Square, in the county of Middle- 
sex, manufacturing fancy stationer, '' improvements in ornamenting 
paper and other fabrics." — 8th August 1851. 

20. To William Onions, of Southwark, in the county of Surrey, 
engineer, '' improvements in the manufacture of certain parts of ma- 
chinery used in spinning." — 11th August 1851. 

21. To Alfhonse Rene le Mire de Normandy, of Judd Street, in 
the county of Middlesex, gentleman, and Richard Fell, of the City 
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Road, in the same ooimfy, engineer, '^ improved metbods of obtainmg 
fresh water from salt water, and of oonomtrating snlphurio aidd." — Idth 
August 1851. 

22* To Dayii> Fabrbe Bower, of Hnnslet, in the parish of Leeds, in 
the county of York, mannfacturing chemist, '' certain improvements in 
preparing rating, otherwise called rotting,and fermenting flax, line, grasses, 
and other fibrous vegetable substances." — 20th August 1851. 

23. To DoMiNiQTTB JuLiAN, of Sorguos, France, *' improvements in 
extracting the colouring properties of madder, and in rendering nsefol 
the water employed in such processes." — ^25th August 1851* 

24. To Geoboe Jordan Firhin, of Lambeth Street, Goodman's Fields, 
mannfacturing chemist, ** improvements in the manufacture of oxalate 
of potass."— 25th August 1851. 

25. To Thomas Wilks Lord, of Leeds, in the county of York, flax 
and tow machine maker, and Oeoroe Wilson, director of the flax-works 
of John Fergus, Esq., M.P., of Prelaws, in the county of Fife, North 
Britain, *' a machine to open and dean tow and tow-waste £rom flax and 
hemp, and other similar fibrous substances ;- and an improved mode <^ 
piecing straps and belts for driving machinery, and a machine for Meet- 
ing the same." — 27th August 1851. 

26. To Richard Fletcher, of Blackdowns Farm, in the parish of 
Ebrington, in the county of Gloucester, farmer, '' an improvement in 
obtaining motive power." — 29th August 1851. 

27. To Henry Dircks, of Moorgate Street, in the cily of Lcmdon, 
engineer^ '* improvements in the manufacture of gas, in gas burners, aivd 
in apparatus for heating by gas." — 1st September 1851, 

28. To BicHABD Archibald Brooman, of the firm of J. C. Bobertson 
and Company, of 166 Fleet Street, in the city of London,. patent agents, 
'< an improved method of mauufacturing screws." — 8th September 1851. 
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Faraday, Professor, on atmospheric magnetism, 62. 
Forbes, Professor Edward, on the estuary beds and the Oxford clay 

in the Island of Skye, 92 — On submarine zoology, 386. 
Forbes, Professor J. D., on the intermitting brine springs of Kis- 

singen, 139. 
Freezing of water, as effected by pressure, 193. 
Foncault, M. L., his demonstration of the earth's motion of rotation 

by means of the pendulum, 101. 
Fraas, Oscar, on the effects of local influences upon the formation 

of strata, 106. 
Good, J. W., on the total eclipse of the sun, July 28, 1861, as ob- 
served at Elsinore, 361. 
Gypsies of Great Britain, 394. 
Holothuria intestinalis, notice of, 195. 
Hybridity, the four degrees of, 199. 
Hybrids, Feline, notice of, 199. 

Impressions of rain*drops in ancient and modern strata, 70. 
Iodine, its general distribution, 136 — Its occurrence in aluminous 

slates, 137 — Its occurrence in the atmosphere, rain, and snows, 

138. 
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Iodides, new test for, by Dr D. S. Price, 298. 

Latham, Dr Bobert Grordon, on general and special apophthegms, 39. 

Log Books, improved forms of, 171. 

Lunar surface, and its relation to that of the earth, by James 
Nasmyth, engineer, 267. 

Maury, Lieut. M. F., on the probable relation between magnetism 
and the circulation of the atmosphere, especiaUy the trade 
winds, 271. 

Meteorological observations made at the observatory, Whitehaven, by 
J. F. MiUer, F.R.S.E., 234. 

Microscopes, observations on, 48 — ^Microscopic examination of sound- 
ings, 359. 

Micas of America, their optical properties, 55. 

MoUusca, shells of, their value for the purpose of distinguishing 
species and higher groups, by Professor C. B. Adams, 259. 

Nest-building fishes, account of, 196. 

Nullipores and corallines, their chemical composition, by Damour, 85. 

Orangite, notice of, 193. 

Patents, list of, granted for Scotland from 17th March to 19th June 
1851, 209— From 22d June to 22d September 1851, 396. 

Parasites, their relations to other animals, 88. 

Petrie, William, on the relation between the changes of tem- 
perature and volume of gases, 120 — ^Remarks on the spontane- 
ous re-heatingf of air, 125. 

Polynesia, explanation of the rapid decrease of its native population, 
198. 

Rain, great ftfU of, in the lake districts in the north of England, 189. 

Rankine, W. J. M., on the re-heating of jets of air, and the relation 
between temperature and compression, 128. 

Rocks are not formed by infusoria, 393. 

Salt and salt-lakes, the origin of, 130. 

Sedgwick, Professor, on the geological stn]cfure<^ the frontier chain 
of Scotland, 250. 

Studer, Professor, on the slow elevation and subsidence of the land in 
Switzerland, 357. 

Smyth, Professor, on the total eclipse of the sun, on July 28, 1851. 
— ^On the nature and source of the sun's light and heat, 182. 

Suggestions to astronomers for the observation of the total eclipse of 
the sun, on July 28, 1851, 154. 

Teas of commerce, observations on, by R. Warrington, F.C.S,, 240. 

Trade winds, account of, 271. 

Trilobites of Bohemia, 193. 

Ventilation, on, by Professor Hosking, 302. 

Waves, on their action, 191. 

Well-water, the changes it undergoes, 191. 

Wind, remarks on its direction at sea, 170 — Direction of wind i^ 
relation to the age of the moon, 190. 
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